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AB8TBACT

Zeolite (77% cl1noptilol1te) was supplemented in grower hog
rations at a rate of 2 or 5%. The growth performance (weight gain, c1a1ly

consumption and feed conversion) and air quality were compared
aga1nst a control group's where zeolite was replaced by fine sand. A
significant reduct10n in the feed/gain ratio and c1a1ly consumption was
observed when 2% zeolite was fed ta p1gs weigh1ng less tban 40 kg. The
same results were obtained when 5% zeolite was fed ta p1gs we1ghing
more tban 50 kg. No s1gDtflcant difference in air quality (COa, NH~, HaS
and temperature) was noticed between the control and the zeolite room
even Ü the NH3 level fell from 12.5 to 8.7 ppm when the zeolite level
was increased trom 2 to 6%. A sl1gb.t reduct10n of odor intenslty was
observed in the zeolite room. In parallel w1th tb1s research, a dy'nam1c
automated olfactometer for six panelists was conceived and built
accord.1ng to Amerlcan and European guidel1nes. This inStrument
measures agricultural odors witb. precision and speed.
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BÉsUKÉ

Du zéolite (77% cl1noptUol1te) fut ~outé à des taux de 2 et 5%
dans 1& ration de porcs à l'engraiS. Les performances alimentaires
(ga.in, consommation et conversion alimentaire) et 1& qualité de l'air
furent comparées aux groupes témoins où le zéolite a été remplacé par

du sable fin. Une diminution significative du taux de conversion
alimentaire et de 1& consommation journal1ère a été observée avec 2%
de zéolite chez les porcs de moins de 40 kg et avec 5% de zéolite chez les
porcs de plus de 50 kg. Aucune différence slgnt"cative entre 1& chambre
contrôle et 1& chambre zéolite a été notée sur 1& qualité de l'air (COa,

NH3 , HzS et température), bien qu'une baisse de 12.5 à 8.7 ppm du BR3

entre l'essai à 2 et 5% fut observée dans les deux chambres. Une légère
réduction de l'intensité d'odeur a été observée dans 1& chambre zéolite.
Parallèlement à cette recherche, un olfaetomètre dynamique automatisé
à six panelistes à été conçu. et construit selon les normes américaine et
européenne. Cet appareil permet d'évaluer de façon rapide et précise,
les odeurs provenant du m.1l1eu agricole.
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CHAPTEBI

Introduction

1.1 General Introduction

The sw1ne tndustry 18 the th1rd agrtcultural seetor of importance
in Canada. It represents annually 3 billion dollars of economic act1V1ty.

It also represents over 20 000 producers producing more than 17

million pige in 1996 for which over 30% came trom Quebec. This

industry bas grown rapidly over the last few years. For example, trom

1991 to 1996, the sW1ne production has increased by 18% in Quebec,
38% in Manttoba and 8% in canada (Stat1stic canada, 1996; Stat1stic

Canada, 1997a; Stat1stics Canada, 1997b). Even now, among aIl

agrlcultural sector8, the sw1ne industry 18 the most prom18tng.

Severa! provinces plan ta expand their production by 20 te 100%
within the next 5 te 10 years (Dickson, 1995). This expanslon 18

partieJ.ly due te an increasing exportation demand. Canada exports 30%
of ite pork production annually te over fl1ty-flve d1fferent countries.
Canada la the fifth largest perk exporting country: it exports 335 000

metric tons of pork meat per year, pr1marily te the United States and
Asian countries (Statist1c Canada, 1996; Statistic Canada, 1997a).
Canadian and espec1aJ.ly Quebec's perk, 18 international.ly recogn1zed. for
its bigh qual1ty.

1.2 Problem Statement

International.ly, the swine industry18 faced with strongopposition

from rural and urban communities. Soil, water and air pollution caused
by the sw1ne industry i8 betng stated as the factor responslble for th1s

opposition.

1.2.1 Soil and Water Pollution

Soll and water pollution C&usedbythe sw1ne industry results trom
poor manure storage and land disposal pract1ces. SW1ne producers, in



•

•

•

m.any reglons of Quebec, don't bave enoughland to spread. their manure
at a rate which does not exceed the plant's nutrients requirements. In
the near future, th1s situation may cause many env1ronment&l problems
(Ministère de l'Environnement et de 1& Faune du Québec, 1996). In

faet, Quebec bas the bighest pig density in Canada: a denslty of 200 p1gs
versus 33 pigs per 100 hectares of cultivated land are reported for
Quebec and Canada, respecttvely. In some counties of Quebec, such as
in Nouvelle Beauce and Montcalm county, th1s density can rea.ch. 1300

ta 1700 pige per 100 hectares of cultivated land recelv1ng manure
(Statistic Canada, 1997&). Nonetheless, Quebec's situation is far fram
that of the Netherlands where there are 375 pige per 100 hectares of
rural and urban land (Meyer, 1997).

A study conductedby the Quebec ViniStry ofthe Environment and
Wlldl1fe exam1ned the capac1ty for agrtcultural land ta receive animal
wastes (organic fert1l1zer) from Quebec farms and it focused on the
agricultural lands of Quebec's 9 largest river basins: Chaudière,
Yamaska, L'Assomption, Etehemin, Richelieu, Saint-François, Nicolet,
Bayonne, and Boyer. In these basins, where there 18 a dense animal
population, the agricultural land is excessively fertilized in terms of
phosphorus and nitrogen. If aIl the cultivated land of a basin. could
receive ail its manure, it would be over fert1l1zed in phosphorus by
183% on average in aIl of the river basins except for tbat of Richelieu.
The basins would be over fertilized in nitrogen by 196% on average in
4 (Chaudière, Etchemin, Bayonne and Boyer) of the 9 studied basins.
But manure was found ta be applied on only 29% of the cultivated land
and on top of that, !armers still use a lot of mineraI fert1l1zer. The
combtned organic and mineraI fertllizers applied on all the cultivated
land of Quebec over fert1l1ze phosphorus by 167% and nltrogenby 133%.

On a basin scale, the study shows that it is possible ta see an over
fertilization of up ta 460% of phosphorus and 270% of nitrogen
(Ministère de l'Environnement et de 1& Faune du Québec, 1996).

The etIects of over ferti] 1mtion on the environment are d1fferent
for phosphorus and nitrogen. For phosphorus, over ferti1t zat1on effects

2
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are majnly on a long-term bas18. Over fert11iza.tion of phosphorua for
ma.ny yeara, w1ll1ncrease the level of soU saturation and w1ll cause
leachï.ng 1nto rivera. Over fertUi:ration of P 18 responsible for an
increaaed phosphorus level in rivers. In many large Quebeo rivera,
phosphorus levels exoeed, severaI. times a year, the l1m1t of O.03mg1l for
potent1al eutrophication (Simard et al., 1995). The effects of n1trogen
over fertilization are both short and long-terme On a short-term basis,
since 1t ia hlghly soluble, excess nitrogen 18 rapidly W&shed to rivera,
but on a long-term basis, soluble nitrogen can reach and oontarninate
underground waters.

Underground water pollution oaused by agl'icultural act1v1ties 18
a lurking problem for Canadja.ns because 25 to 30% ofthem depend on
underground water for drjnk1ng water supply. A study conduoted on
1300 domestic wells in rural reglons of Ontario ahowed that around
40% of the wella contained one or more water contaminant at a level
exceeding the acceptable l1m1t for drinkjng water. A correlat1on was
found between the occurrence in wells of baoterta, spectflcally fecal
coliforms, and the proximity of a farm where manure 18 routtne}y
appl1ed (Beteher et Bl., 1996).

1.2.2 Air Pollution and Odor
The sw1ne industry pollutes the air by emanating gases such as

metha.ne, bydrogen sulphide and ammonia. Methane and bydrogen
sulphide are d.angerous for h l1ma D a and animals particularly 1nside
swi.ne buildings or beside manure pite. These have been known ta cause
ma.ny death (Schulte, 1997). Generally, methane and hydrogen
sulphide are found in low concentrations and are ea81]y removed.
However, ammonia 18 emitted in a larger quantity and because of 1ts
environmental1m.pact, it 18 more otten stated as a pollutant.

Ammonia produced by the sw1ne industry represents a large
amount of the total ammonia em.1s8ions. In Denmark, the agricultural
sector 1s responsible for approxlmately 93% of the total ammonia
emiss10ns (Agriculture et Agroal1mentaire Canada, 1998). Kay and Lee

3
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(1997) report that the U.K.'s agricultural seetor produces around
198 xl06k.g of NHa per year, where 23 xlOeltg come from the sw1ne
industry. From th1s 23 x10ekg of NHa, 14, 7.5, 1 and 0.2 xlOekg are
released bybuildtngs, land spreadtng, storage and outdoor pig act1V1ty,

respeetively. In Denmark, where the manure tanks are generally below
the building, the proportions are sl1ghtly d1fferent : 35, 20 and 40% of
ammonia em1ssions are produced by the building, the storage and !rom
manure spreading, respeet1vely (Agriculture etAgroallmenta1re Canada,
1998).

Ammon1a em1ssions stay in the air for a short period of time
because they fall to the ground in dry deposits or are transformed into
other pollutants. From 6 ta 14% fall to the ground in dry deposits
direetly besides the em1tting sources. In Denmark, more tban 85% of
these deposits w1ll oceur with1n 100 km of the emitting source. The
rernalning 86 te 94% of the ammon1a 18 transformed lnto ammonium
nitrate and ammonium sulfate when it comes in contact With other air

contarninants. Nitrate and sulfate are very small particles which
remain in suspension in the air for a longer period of time th&n

ammonia and can be transported up to 2 500 km away from the emitting
source (Agriculture et Agroal1mentatre C&nada, 1998).

Important problems result from excessive ammonia emissions.
They cause acid rain tbat d1sturb d1fferent ecosystems, damage foresta,
acidi.fy frague ecosystems and increase the risk of river and lake
eutrophications (Wlll1ams and Nigro, 1997). Furthermore, ammonia
emissions transformed into ammonium aerosol can, in large
concentration, be harmtul ta h l1man health. In the eastern part of the
Fraser Valley, in British Columbia, ammonium sulfate and ammonium
nitrate constituted up ta 70% of the fine suspended particles in the
Sllmmer air which in turn reduced visibillty (Agriculture et
Agroa.limentatre Canada, 1998).

4
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Ammon1a ls &lso a key 1ngl'ed1ent in numerous odorous
compounds. As a general rule, It 18 s&1d that reduc1ng ammonia
em1ss1ons by 50% should reduce odor by 30% (Voerrna:ns and Verdoes,
1995). Nevertheless, odor problems are more comple% than s1mp)y
arnmonia. In tact, odors emitted by sw1ne production 18 composed of a
mixture of more than 160 odorous compounds (O'Neill and Ph1ll1ps,
1992). Liquid manure management for sw1ne operations 18 by far the
most used in Quebec and elsewhere in the world. It enbances the
productionofnumerous odorous compoundsbyanaerobicallydegrading
the remains ofnutrlents 1n the manure to, 1n turn, create very offensive
and irritating odars.

Odor m.a..v not be universally classifled because perception 18
dependent on h l1man emotion and memory. A research done in.

Southern Michigan by Lohr (1996) demonstrated that soclologlcal
aspects influence the perception of odars. Some correlations can be
drawn between varlous factors that 1ntluence the perception of odor.
For example, the degree of annoyance towards "pig smeU" 18 strongly
decreased when the neighborhood bas an economic dependance on
farming. Hav1ng l1ved 1n the area for a long t1me, hav1ng prev10usly met
the swine facillty owner or having the impressIon that the owner Is
making eft'orts ta reduce the odor prob1em are factors which decrease
the perception of odor &s a nuisance. Moreover, the negative perception
of odor and the annoyance w1th an odor ls greater when the
neighborhood &rea is categorized as resldentlal, sub-urban or 8mall

town. Those who tb1nk tbat odor 18 a nuisance generally declare that
the odor episode 18 longer and more trequent than those who find that
swi.ne odor 18 not a problem. Nevertheless, &ll Southern Michigan
residents surveyed during th1s study, declared that they have not and
do not plan ta d1rectly compla1n. about the odor problem. Nonetheless,
they will support &DY zoning regulation tbat w1ll restrlet the expansion
of the BW1ne industry in their reglon (Lohr, 1996).

Odors are bard ta de&! witb. because of their intangible nature.
Very few regulations leglslate odors because there 18 no standard way
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ofmeasuring them. The interaction of the different odorous compounds
are so complex that it 18 almost impossible to~ them~cally.

The human nose, With 1ts 10 to 30 m1ll1on receptor cells in 4 cma , 1s
still the most effIcient odor sensor (Li et &1., 1997). No electronic
device such &s an eleetronic nose, gas chromatograph and
photo1onization deteetor unt1l now, can s1mulate the hnma.n o1factory
sense at an acceptable workable level. The o1factometry method uses the
power of the human nose ta evaluate the concentration of odors. .An

olfactometer determ1nes the threshold level for a spec11lc odor by
d1luttng odors below the human threshold level and then increas1ng the
odor concentration until the odor 18 detected by a panellst. Henceforth,
an odor unit can be deflned as the number of dilutions required for 50%

of the population to deteet the odor. This odor unit can be used ta

compare and hanclle d1fferent odor problem8. The o1f&etometer 18

gajn1ng more and more recognition around the world and 18 sta.rting ta

become a reference method for m.any odor related work.

1.3 Objectives
The dietary inclusion of zeolite was studied as an economicaJ.ly

viable solution ta reduce the environmental impact of the sw1ne
industry. The objectives of th18 study were to measure the effects of
adding zeolite (77% cl1nopt1lolite) &8 minerai supplement in the rat10n
of grower hogs.
Supplementtng feed with two levels of zeolite, 2 and 5% on dry matter
basis, the following parameters were compared:

1. The average da1ly feed consumption of the pigS
2. The average da1ly ga1n in body we1ght of the pigs
3. The feed to gain ratio of the pigs
4. The carcass qual1ty of the pige
5. The amb1ent room NH~ and HaS levels
6. The ambient room odor intensity

In parallel with the first objective, an olfaetometer was conce1ved
and bu1lt ta evaluate odor concentrations in agr1culturaI buildings. The
olfactometer was not used ta evaluate the effect of zeolite on odor levels
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in p1ggeries, because the inStrUment was not ready for use at the time
of the trial.

1.4 Scope

The resu1t8 obtatned in th1s study are l1m.ited ta two leveIs of
zeolite in the d1et: 2 and 5%. A regular low energy and 16% protein
pallet ration was supplemented with 2 or 5% zeolite, without balanc1ng

the energy and protein levels. Fine sU1ca sand was added at the sam.e
level as zeolite in the control diet. Also, the 2 and 5% trial was l1m1ted

ta respectively 60 and 54 pige fed with the zeolite diet and respect1vely
60 and 54 pigs fed with the control ration. Each tr1&l was l1m1ted to 8

weeks. At the beglnning of each trial, the pigS had a variety of weights
and ages. Nevertheless, the pige were sorted into two groups (zeolite
and control) of s1mllar weight repartition with the same number of
males and females in each group. The results pertatned ta pigs wetgbing
from 25 ta 100 kg. The study Is l1m1ted to the effects on animal growth
performance and amblent air qual1ty. The minerai analysis of the feces
as well as the nutrient balance for each ind1v1dual pig was not included
in the study.

The automated olfactometer was bu1lt in accordance ta the
America.n. (ASTI() and the European (CEN) standard for the forced
choice triangular method. The number of panelists seated was 1im1ted
to 6, but up to 24 panelists can run a test in sequent1al runs of 6
panelists. The dynamic dilution was compared ageJ.nst m8T traceable
tlow cal1brators. The n-butanol concentration of the butanol1.njector
was obtained by gas chromatography. No re&! odor evaluationwas made
with th1s olfactometer.
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CHAPTEBIT

L1terature Beview

The followtng chapter will diseuss d1ff'erent solutions used to
reduce the environmental. impacts of the sw1ne industry. Amongst an
the possible solutions presently ava1lable or proposed ta the producer,
only those which are eftleient and economically Viable are susceptible
to be accepted and used, because sw1ne producers are in a t1ght cash
situation. The following solutions w1l1. be divtded into two main
categories: solutions ta control or l1m1t the impact on soU and water,
and solutions ta control the air qual1ty, espec1&l.ly the odor and
ammonia em1ss1ons.

2.1 Soil and Water Impact

Soil and water pollution result1ng !rom the swtne industry', are
ma.inly due ta the excess1ve rate of manure appUed ta cultivated land.
Swine manure N, P and K content must be reduced in order ta control
the environmentalimpact related ta manure applications. Better feed
ma.nagement C&D. reduce the amount of manure and can decrease its
nutrient content.

Several research projects bave been condueted ta try ta reduce the
a.mount of total nitrogen and amm on1& in the feces. Butten etal. (1997)
fed growing-ftn1sh1ng pige with a low crude protein (10%) d1et
supplemented With synthetic essential amlno acide and 5% cellulose ta

reduce the fresh manure's amm on1a content by 68%. It aIso reduced the
manure's total nitrogen by 60% and tncreased the dry matter content of
the manure by 50% compared ta the control group fed a regular 13%
crude protein commercial ration. Kay and Lee (1997) showed that it is
possible to reduce the volume of slurryby 28% and decrease its nitrogen
content by 40% by feedIng a low crude protetn (16.6%) diet
supplemented with synthetic essent1&l amino acida instead of feedIng &

regular commerc1&l 22.5% crude protein diet. These studies
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demonstratedthat syntheticamino &Cid supplements ca.n reduce manure
N leveIs : however, the cost of these synthet1c amlno ac1ds makes th1s

option less attra.et1ve. Lee and Kay (1997) calculated that the use oflow
crude protetn supplements tncreases the operating cost by 20%, even if

the reduct10n of feed tntake and manure volume are consldered.

Other growth promoters such as antibodies, hormones and beta.­
agonist are used to reduce the nitrogen and phosphorus excretions
(Baidoo, 1996). WllUa m s and Kelly (1994) reported that feed1ng
ractopamine (beta-agon18t) and porcine somatotropin ta a f1n1shing plg,
can increase the feed emclency by 0.54 and 1.04 kg feedlkg ga1n

respect1vely and decrease the amount of manure produced by 0.68 and
1.61 kg of DM per fin1shed pig, respect1ve)y. Wh1le the results prove the
effi.c1ency of growth promoters, they are not a.ccepted by society and
consumers.

The pig's feed em-clency can be enbanced by increasing the
digestibillty of the feedstuffs such as feed1ng d1fferent sources of
phosphorus. In general, the phosphorus suppl1ed by cereal grains has
a low digestib1l1ty of 20% ta 40%. The rematn1ng 60 ta 80% of the
phosphorus is excreted in the feces. In contrast, the organic
phosphorus in meat and bone meal and the inorganic phosphorus in

monocalcium phosphate and dicalclum phosphate have a higher
digestlbillty of 70 ta 80% (Jongbloed and Lenls, 1992).

The digestibillty of feed can be enbanced by supplemental feed
enzymes. The supplemental enzymes support the 8Jltmal endogenous
enzymes or supply non-existent enzymes in the digestive tract of the
animal ta degrade feed components. Cellulase and phytases have been
use ta increase the digest1b1l1ty of nitrogen and phosphorus. J ongbloed
et al. (1991) showed that phytase, in a corn- soybean-wheat pig ration,
ca.n increase the digest1billty of the phosphorus by 36%. Furthermore,
Williams and Kelly (1994) reported that phytase can reduce nitrogen
and phosphorus content in manure by 6%. They wo reported that
cellulase decreases nitrogen and phosphorus by 5 and 26-30%
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respeet1vely. An increase of feed em,c1ency canbe acb1eved by m1.crobial

enzymes inclusion in a hullless barley diet. P1gs of 8 to 20 kg, 20 ta 40

kg, 40 to 60 kg, fed with th1s diet, revealed an increase feed ef'ficiency
of 10,5.3, and 3.0%, respeet1vely (Baidoo, 1996).

Zeolite can also be fed as m1neral supplement to increase feed
efflc1ency, reduce ammonia volatil1mtion and control odors. Zeolite 18
an all1m1nos1l1cate (a volcan1c clay) w1th a h1gh cation excbange

capac1ty. Some types ofzeolite suchas cl1noptUolite have an atnnityfor

nitrogen and sulphur compounds (Barrington and El Koueddeb, 1995).

Fed to growing flnishtng pige at 6%, zeolite 18 known ta adsorb the

harmful ammonia produced by the intestinal bacteria and slows down
the passage of feed ta the intestinal tract. Barrington and El M:oueddeb

(1995) obtained a better net feed convers1on of 0.29 kg of feed par kg of
we1ght gain. This better feed conversion 18 expected ta reduce the

amount ofmanure produced and ta decrease 1ta nutrient concenUation.
Also, zeolite was observed ta reduce ammonia volatlli?ation by 76% on
average and decrease odor levels by 1 point on a scale of 0 to 5
(Barrington and El M:oueddeb, 1995). Zeolite was also found to be

interest1ng because its benetlts overcame 1ts costa by 17.75 per tlnished
p1g (Barrington, 1996).

2.2 Air QU&11ty and Odor Impact

2.2.1 Sources of.Air Pollution and Odor
Ammonia volat1J1 zation 18 the main source of air pollution and 18

closely related to odor. The rate of ammonia valatilization 18 a funet10n
of the dissolved ammonia in the manure and the manure air oontaet

area. Ammonia emissions st&rt r1ght a1ter the manure 18 excreted and
continue after 1t 1s spread on land. Kanure odors are woret with. liquid
hand.ling systems reeulting in anaerobic conditions. The anaerobic

decomposition of sw1ne manure produces many chemically reduced and
obnoxious gases which are very offensive. This anaerobic degI'a.dation
sta.rts with1n 24 hours of excretion. The concentration of malodorous
compounds increases dramatically fram fresh manure ta manure stored
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anaeroblcally for 24 hours: phenolincreases by 140%, indole by 160%
and total sulphide by 1360% (O'Neill and Ph1ll1ps, 1991). Therefare,
odars are reduced by reducing the time that manure is left 1nslde the
building. Guingand et &1. (1997) shawed that odor em1ssions were
reduced by 50% when manure was not stored below the slotted fiaor.

Control.l1ng Bmmon1a emisslons and odors oan be Bch1eved in

different ways: by controll.1.ng the pig's diet, controll.1.ng the building
enviranment, Bpply1ng different manure treatments, improving the
design of manure storage tanks and nnaUy, U81ng Iess odorous
spreading methods. But, before evaluating &Dy method, an eft'eet1ve
odor measurement dev1ce is requ1red.

2.2.2 Odor lIeasurement
Sw1ne manure odors are composed of numerous compounds such

as carboxyUe and phenollc acids, aldebydes. esters, sulph1de, thiols,
amines and nitrogen heterocycles. O'Neill and Ph1ll1ps (1992b) have
reported 168 different compounds responsible for SW1ne odors. Over 30
ofthese eompounds have an odor detect10n threshold at a concentration
under or equal to 0.001 mgjm3

• The eompounds with the lowest
detectlon tbreshold gener&1ly contained sulfur (O'Neill and Ph1ll1ps,
1992b).

Hobbs et al. (1995) compared d1fferent methods ta assess odor
from s'Wine and poultry slurries. Photoionization detectors (PID) and
eleetronic noses (EN) based on a polypyrrole sensor were evaluated
agaJn st a. standard force cholce olfaetometry method. PID and EN
showed some potent1al ta evaluate odor from sw1ne and poultry slurries,
but they are still one thousand t1mes Iess sensitive then the
olfaetometry method. Also, the results obta.1ned with PID and EN can
be different from one farm te another sinee these deVice deteet only
some but not au odorous compounds as an indication of the odor lavei.
Different odorous compounds other than those detected by the dev1ce
Will not appear in the results (Robbs et al., 1995). Olfactometry stillis
the most accurate way to measure agricultural odors. A Wider rev1ew
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of odor measurement methods W1ll be present in chapter IV of th1s

document.

2.2.3 Air Pollution Beduet10n and Odor Control Methode

2.2.3.1 Pit Manure Additives
Many manure additives are sold on the market. They can be

classified into 5 d1fferent categories: mask1ng agents, counteracta.nts,
digestive deodorants, adsorbents and chemical deodorants.

Masking agents and eounteractants treat the odors in a sjmi]ar
way. Masking agents are a m1xture ofaromatie oils used to eover-up the
undesirable odors by a more des1rable one (Sw1ne Odor Task Force,
1995). In some cases, these masking agents can be effective on a short­
term base to control odors. On a longer term, these compounds are
quickly broken down by the baeter1&l activ1ty in lagoons or storage
tanks. Nevertheless, some atudies ahowed that masking agents were in

general more effective than cl1gesttve deodorants (Burnett and Dundero,
1970).

Counteraetants are made-up of a mixture of &l'amatie oils that
cancel or neutralize odors so that the intensity of the mixture 18 less
than tbat of the constituents (Ritter, 1989).

Digestive deodorants are made-up of bacteria and enzyme that
elirnjnate odars through a blochemical digestive process (Bitter, 1989).
Many oftheee products have been commere1al1zed during the pastyears.
These compounds are not only sold ta control odors but ta enhance
solid breakdown and nitrogen conservation. Under laboratory
conditions, Zhu et &1. (1997) observed that lt ls possible to reduce the
threshold of odors by 83 to 97%. Bitter (1989) found that digestive
deodorants work when the bacter1& added predomtnate in the manure.
Under laboratory conditions, some produets work well in drums of 106
or 20811ters: however, in the 11eld, manure handl1ng conditions change
and these bacteria die off before they beeome predomtnant.
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Adsorbents are products with a large surface area adsorb1.ng the
odors before they are released mto the envirOnment (Bitter, 1989).
Some examples ofthese adsorbents are spbagnum peat moss, l1mestone
and zeolite (Sw1ne Odor Taslt Force, 1996). .A1rold1 et al. (1993)

showed in a laboratory test that 10% zeolIte (equal to 30.8 &'l of
manure) 18 needed to sign1"ca.ntly decrease by 33% the emiss10n of
ammonia. produced by manure. Adsorbents worle emciently only when
used in large quantit1es and they are often too expansive.

Chem.1cal deodorants are strong oxid1zjng agents or germicldes
altering or el1m1nating b&cter1al aet10n responsible for odor production
(Ritter, 1989). Oxid1zing agents chemlC&1ly reduce odorous compounds
into less offenslve ones (Bitter, 1989). Hydrogen peroXide, potassium

permanganate, ozone, orthodichlorobenzene ch1or1ne formaldehyde and
paraformaldehyde have been tried ta reduce odors. Hydrogen peroXide
at 100-125 ppm haB been found to be most economtcal (Bitter,1989).
Zhu et al. (1997) showed in a laboratory test, tbat some chemical
oxidizing agents are able to reduce the odor threshold by 68%. Also,
Berg and Hornig (1997) added 5% lact1c acld (50% concentrated) by
volume in manure te reduce Its pH ta 4.5. This decreased the 8JI)m on1a
and methane em1ssions by nea.rly 90%. So in general, reduc1ng
compounds must be applied frequently in large and costly amounts ta
control odors in a lagoon or manure tank (Bitter, 1989). Furthermore,
these chemicals are o:ften corrosive and barmful te the environment.

2.2.3.2 Feed Add1t1ves
Not ail plg manure bas the S&D1e odor production potential. As a

genera.l rule, nitrogen ls the baste tngredient in ammon1a and ma.ny

odorous compounds. When the amount of protein in the diet ls poorly
balanced or protein 18 fed in excess, the anima) rejeet8 this excess
through Its feces. Improving the p1g's feed emciency, reduces the

amount of n1trogen reJected in the feces and thus reduces potential
odors. In general, if nitrogen in the feces 18 reduced by 100 unite, the
odor level will be decreased by 76 un1ts (Sw1ne Odor Task Force, 1995).
Feed efflclency can be 1mproved in four d1.tferent ways: by add1ng
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essent1&l amtno ac1ds, increastngthe d1gest1bilif\y ofproteins and add1ng
odor absorber, enzyme and microbes.

By subst1tuttng synthettc a,mtno acide for tradittonal protein
sources, the amount of nitrogen excreted by pige can be decreased
substa.nt1ally. .Amino ac1ds reduced the ammoD1a em1ss1ons by 40% and
thus d1mtn1sb1ng the odor em1Ssions by 30%. However, these
techniques are expenslve and more research 18 needed in tb1s f1eld
before they can be used commerc1ally (Sw1ne Odor Task Force, 1996; Lee
and K&y, 1997).

Different studies showed that lt 18 posslble ta improve the
digest1b1l1ty of proteins by U81ng a better process1.ng or render1.ng
technique. Enzymes such as cellulases and phytases have been reported
to reduce by 6% the amount of nitrogen in the manure (Wl1118.JT)S and
Kelly, 1994). In another study, the use of proteolytic enzymes in feed
processing and dietary supplements in the d.1et have been found to
improve protein digestib1l1ty (Sw1ne Odor Task Force, 1995).

Odor absorbent added ta the plg's diet, have been evaluated.
Calcium bentonite, sagebrush, cbarcoal and zeolite were used for their
potential to absorb amm on1a produoed. in the intestinal tract. Zeolite ls
particularly used because of it's high cation exobange capaclty. In some
cases, this cation excbange can reach 500 meQ/100g (Mumpton and
Fisbrnan , 1977). Although. over 45 different zeolites are ava1lable, some
Buch as chabaslte, ph1ll1pslte, and cUnoptUol1te are more prom1s1ng as
feed supplement because of their specUle attraction for ammOni&
(Sersa.le, 1983). Absorbents not only reduce ammonia in feces, but in
some cases, increase the pig's feed efftciency. A reView of the research
done in th1s 11e1d 18 presented later in chapter m.

2.2.3.3 Housing EnV1ronment
By control.l.1ng dust, amm on1&, and hydrogen sulflde 1nBide BW1ne

housings, odor emissions bave been reduced. Different ways have been
explored ta control these factors .
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Malodorous gues such amm oD1a and bydrogen sulphide as well
as respirable dust e&n, at certain levela, cause various health problems
for pigs and workers (Donbam, 1989). The safe level ofthese gases a.nd
dust 18 frequently exceeded in sw1ne fac1l1t1es (Donbam, 1989, Donbam
andPopendorf, 1985, Donbam, 1990). Seedorf(1997) reportedthatout
of 83 l1vestook shelters in GermaDY, nearly 58% had dust levela
exceeding health safety standards. Quebec bas regulations conoerning
the qual1ty of the work environment. These regulations set the
maximum l1m1t for ammonia, bydrogen sulphide and total dust at 25
ppm, 10 ppm and la mt/m:5 , respeet1vely (BQKT, 1994). However,

some researchers report resp1ratory problems among sw1n.e workers
exposed to amm on1a and total dust levela of 7.5 ppm and 2.5 m.sIm~

(Reynolds et al., 1996). P1gs are also affeeted by the qual1ty of
environmental conditions. Usingan eleetrostatic preclpltator fllter, Lau
et al. (1996) obtained an increase of 0.04 lt&'day in da1ly gain by
decreasing the level of dust by 20 to 52% in fln1shing hog rooUlS. They

aIso observed tbat the incidence of lung score was 35 ta 40% lower and
snout score w&s 26 ta 40% lower in the fIltered room compared to the
unfiltered room. Furthermore, a laboratory scale test showed that odor
threshold was decreased by 75% when 100% of the dust was removed
from the exhaust air of the piggery (Hoff et al., 1997). When odors are
reduced in SW1ne housing facillties, the dust, 8Jl)m on1a and bydrogen
sulphide are also reduced and workers, pige and nelghbors beneflt.

An. alternative way te control dust ls ta use oUm the feed and on
the floor. Perk1ns and Feddes (1996) have appl1ed mineraI. oU to the
floors of a sw1ne farrowin.g unit at a level of 24 ml/ma weekly. They
have been able to reduce dust by 73% during a 24 hour perlod following
the application of oU. Alao, Takai et al. (1993) appl1ed da1ly 5 ta 15 ml
of rapeseed oil per pig on fioors ofa piglet room te reduce the respirable
dust by 76%. Zhang et &1. (1994) reduced the respirable and tnbaJable
dust by 75%, by appl3'1ng a mineral oil te the fioor ofa grower flnishing

unit. Chiba et al. (1985-1987) reduoed the aerial dust by 21 te 53% by

adding tallow te the pig's ration at a level of 2.5 and 7.6%. Gore et al.

e1986) added 5% soyabean oU te a starter diet te reduce the settled dust
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concentration by 46%.

A pit ventilation system can be used to control dust and air

contam1nan ts. This system should be able to decrease the total bacter1a,

arnmonia and dust if the ventilation rate 18 h1gh enough. In a 2 year
study, conventional vent1l&tion and pit ventUation were compared in a
swine gestation building. This system was not able te reduce the
bacteria at the BQllT recommended leve!. The graham·neg&Uve bacterta

were 8 to 41 times h1gher tban the recommended level (Laveie et al.,

1997). Furthermore, Cho1n1ère et &1. (1997) found tbat pit ventil&tion
in finishing pig units, compared te a conventional wall mount
vent1l&ti.on, increased ammonia em1ssions by 100% during Sl1mmer and

20·30% during W1nter, under Quebec conditions.

Odor emanating from a piggery can be controlled by methods suah
a.s a blofllter, a bloscrubber, a thermal lncmerator, a catalyt1que
incinerat1on, an absorption system and diffusion cb1mneys. The
princlple of a blotllter and bioscrubber 18 ta pass odorous air through
a. filter conta1ning biological mater1&ls (peat, compost and soil) able to

breakdown volatile compounds into carbon dioxide, water and other
harmless products. This method can remove 90% or more ofthe volatile
orga.n1c compounds and 18 efficient in treat1ng Iow concentrations of
odorants (SW1ne Odor Task Force, 1995). Hoff et &1. (1997) show that
a. low cost blomass tllter made of ahopped corn stalks and cobs can
effecttvely remove 21 ta 90% of dust particles below 5 and 10 microns
respect1vely and reduce odor threshold by 23 to 47%. Young et al.

e1997) used a pilot·soale blo1ilter made of a 3 ta 1 mixture ofyard W6Ste

compost and wood chips which reduced the odor intenslties by 61% in
a swine gestation building. Dong et al.(1997) used a microbe seeded
wet bioscrubber te remove up te 54% of the 8.TDm onia conta1ned in the
exhaust air of piggerles. The cost of a blofllter and a bioscrubber often
exceed thebenellts. Slemers and Van. den Weghe (1997) concluded that
the wetacrubber and biotllter were expensive and should be used as a
last resort.
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Thermal and cata)yt1c tnc1Jlel'ation use temperatures of 700 and
400 oC respect1vely to oxid1ze odorous compounds. The absorption
principle 18 one of the techniques that requires that air be pa8sed
through a flltration media such &8 act1vated carbon (O'Neill et al.,

1992a). Fina]]y, another w-.v to deal with odars emanating trom
buildlD gs, 18 to d1lute the odorous compound in the atmosphere byusing
a well desigD.ed d1ffusion cblmney. The he1ght of the cb1mney 18 a
function of the ventUatton rate and the odor concentration. O'Neill et
al. (1992a) estimated that a cbimney 24 m in height 18 able to disperse
the odor below its nu1sance levaI. (Thlmneys, bioscrubbers andblofUters
ca.n cost between 7 to 10 j; pel' t1n1shed pig, and are thus the least costly

methods te control em8Jlating odars from swtne buildings. Thermal and
cata)yt1c Incineration and absorption can cost trom 105 to 425 ~ pel'
fi.nished pig and are too expansive (O'Neill et al. 1992&).

2.2.3.4 Manure Treatment and Storage
Manure can be treated wh1le in Storage and before it Is disposed

of on the land. DifJerent ways can be used te treat manure such as
composting, aeration, anaeroblc digestion, aerobic digestion and
biolog1cal tlltration. Each method has Its advantages.

Non aerated lagoons are &ballow storage faC1l1ties w1dely used in
Southern US because they are the cheapest ways ta bandle manure.
So11d degradation 18 promoted by the microbial act1v1ty as long as the
manure temperature i8 above 20 oC. Undisturbed, the lagoon will not
produce a lot of odors. But, when it's mixed and pumped, it will release
very offensive odors. The manure tbat comes out of these lagoons 18
a.lso very odorous when It i8 spread on the land.

Anaerobie digestion can produce Iess offensive odors trom siurries
a.long with methane. :Massé et al. (1997) used a laboratory sœle batch
wise psychroph111c anaerobic digestor to treat swtne manure. Wlth this
treatment, COD was reduced by up to 73% and the manure was
relattvely odorless. Psychrophilic anaeroblc digestion can produce up
to 0.66 litres of methane pel' gram ofvolatile solid fed ta the digester in
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a bioga,s mixture conWn1ng methane at a level of 60 ta 80% of methane
(:Massé et al., 1997).

Aerobic digestion is aIso possible ta treat sw1ne slurry and
decrease odars. The effect1veness of the aerobic digestion 18 a funct10n
of residence t1m.e and slurry dry matter content. Sneath et al. (1992)
used a farm scale aerobic digester to reduce odors by 70%. A 1.5% dry

matter slurry 1& aerobica11y treated dUl'1.ng four da..vs ta produce a stable
odorless slurry for up ta 30 days. Otten, it 18 econom.1cal ta separate the
sal1d and l1qU1d portions of the slurry before it 18 aerated. Sneath
(1988) showed that the bigher the level of dry matter in the slurry, the
cheaper it 18 ta centrttugally separate and aerobically treat the manure,
espec1aJ.ly for large herds. Aerobic digestion W1ll deodorize manure at
a cast of 1.5 ta 2 ~ per plg, for a large herd. The sol1d portion should be
compoated or land spread.

Manure tank covers reduce odor, ammonia and hydrogen sulflde
production by 90%(Agriculture et Agroal1mentaire Canada, 1998; Bodd,
1998, Bundy et al., 1997). Lee Wh1tt1ngtOn of the Prairie Sw1ne Center
tested a balloon-type cover ta reduce odor em1sSions by more than 95%.
This balloon-type caver costa about '10 000 cdn for & 23 meter d.1ameter
concrete tank (Prairie Swine Center, 1997). Bundy et al. (1997) tried
different covering materials on manure tanks and concluded that
biological covers (15 ta 25 cm of chopped corn stallts or suaw) are
effective and inexpensive but tend ta s1nk ta the bottam of the tank

during the winter. A l10ating Leka rock layer of 4 ta 8 cm offers
excellent odor control an year round. It can even be partia.lly reused
but it la expenslve (1150-'180 U.S. per m~). Alow densitypolyethylene
mesh with a l1quid film on the surface does not effeet1ve]y control odors.
Finally, a surface foam produced by bubbl1ng air through the manure
once every three days seems to offer an interesting alternative but
requires further testing.

Biological flltera can integrate the treatment of manure and air

vented fl'om sw1n.e buildings. First, the manure l1quid and sol1d
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fractions are separated. Then, the l1quid fraction 18 treated us1ng a
bl0loglcal fllter of peat moss and bark ch1ps. The exh&ust air of the
sw1ne building 18 c1rculated through the blologlcal :fUter as aeration
system. The so11d fraction 18 composted or land spread (CBIQ, 1996).

Such bloftlters cost approximately '10 pel' ftnished hog.

2.2.3.5 Kanure Spread1ng
Land disposaI of l1vestock wastes produce a lot of odor by

disturbing the manure and enha:nc1ng lts contact with amblent air. In
fact, 70% of complaints concerntng pig odor come from manure
spread1ng (SW1ne Odor Taslt Force, 1995). Another 10 % concerna the
odorous &1r emanated from the sw1ne building and the rema,injng 20%

concerna the storage facillty (.Agriculture et AgroaJjmentaire Canada,
1998). Ta reduce odor em1ssions and ammonia volat.t11?&tion, manure
18 8pread as close as possible to the ground or, even better, 18 d1rectly
incorporated into the soil. Morken and Sakshaug (1997) showed tb&t
using their new direct ground 1nJeetor made lt posslble ta inJect manure
into the soil ta a depth of 5 to 10 cm. This new 1DJeetor pres8ur1zes the
manure into a series of l3mm nozzles placed directly on the «round. As

a result, ammonia volatjuzation ls decrea8ed by up to 90% and aIl

possible sources of run-off are removed.
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CO!IBECTnlG 8TATEllEHT

In order ta 11nd an econom1cally viable and prom1S1.ng solution to
the env1ronment&l problems fac1ng the sw1D.e lndustry, zeolite bas been
tested as a minera! supplement 1mprovtng the product1V1ty of the
aDjmals. Zeolite bas the ab1l1ty ta trap ammonia 1nside the intestinal
tract and ta increase feed eBlciency. A reduation of the environmental
impact 18 thus expeeted. Rence, the next chapter tests the effects of
zeolite as a minera! supplement on sw1ne growth performance and
piggery air quality. The fourth chapter descrlbes a versatile dynam1c
olfactometer concelved and bu1lt ta an.a1yze the effects of zeolite on
odors ernanatmg trom the experimental room&. The olfactometer
construction W&S not completed at the t1me of the zeolite trial.
Therefore, effects of zeolite on piggery odor levels were tested
subjectlvely with the use of panel1sts standing d1reetly in the rooInS.

Cbapter three deals with the zeolite test. Zeolite was used in the
ration of growing and flnishing pigs at levels of 2 and 5%. The affect on
pig's growth performance and air qual1ty were tested and compared.
Trials have demonstrated th&t It is possible to decrease the feed gain

ratio by 0.14 ta 0.19 kg of feed per kg of body weight gain with the use
of 2% zeolite for pigs of 26 ta 40 kg and 5% zeolite for pige of 40 ta 100
kg when compared ta pigs recel'V1ng & ration with the same level of
energy and proteine

This paper Will be submitted for publication in Jouraal o~

Blor••o1l.1'C8 lfecJaaolGg'. A.non: Clloialèn, D.,.~o.,8.~.

and DOWD.q, B. The contribution of the authors are: i) First author
ca.rried out entire experimental. work with the zeolite: colleeted the data,

a.naJyzed the statistics and collaborated in the writ1ng of the article li)

Second author supervised the research and co-edited the article 111)
Third author gave scient1f1c advice on the pig's nutrition and helped
correct the article.
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CHAPTEBID

Zeolite as a lI1neral Supplement to Improve Sw1ne Produet1v1ty and
Piggery Air Quality

3.1 Abstract

The development of the sw1ne tndustry 18 constrained by the

environmenta11mpact of its manure, on water, sail and air. Fed as a
minera.! supplement, zeolite can help reduce th1s impact wh1le
improvi.ng the product1vity of the operation. Cl1noptilol1te 18 the

preferred zeolite because of its ab1l1ty ta adsorb water and specttlcaJly
NH4 + in the intestine. Thus, it can slow down the passage of feed and

improve the intest1n&l absorption of ammonium. Zeolite (77%
clinoptilolite) W8S fed as a mineraI supplement to a group of hoga in a

specifie room and their growth performance (feed conversion ratio, rate
of weight gain, feed intake and carcass qual1ty) was compared to
another group of hoga of equivalent gender and 1n1tial weight, housed

in a s1m1lar adjoin1Dg room receivi.ng the control feed. The control feed

contained ftne sillca sand 1nstead of zeolite. Two levels of zeolite were
tested, 2 and 5%. The ambient air COa, NH;5 and HaS levels were
monitored every week in both the control and zeolite room. The zeolite

significantly improved the feed conversion rate and reduced the feed
intake when supplemented at a levaI of 2% ta hoga we1gh1ng lee8 than

40 kg. When the hoga weighed more tban 50 kg, a 5% level s1gnillcantly

improved the feed conversion ratio and reduced the feed intalte. There
was no signi..f1cant d1fference in ambient air NH;5 level between the
zeolite and control room, but d1lut1ng the feed from 2 ta 5% sand or
zeolite reduced the ambient levaI trom 12.5 to 8.7 ppm, respeet1ve]y.

The vent1lation rate W&S the ollly factor found ta affect COa levels and no

significant amount of HaS was detected. Some 15 panelists directly

eva.luated the air of the t'Wo rooms te ftnd that the zeolite room bad a
sl1ghtly lower odeur levei.
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3.2 Introduction
Agriculture 18 an 1mportant economic seetor for C&nada. In close

competition with those of cash crops and m1llt, sw1ne enterpr1ses gross
'3 billion annually. Furthermore, the CanadJan agri-food industry has
experienced in recent years, an excellent annual growth of 4.6% and
employa 12% of the Canadien work force (StatiStics C&nada, 1997).
Among an agriculturaI sectors, the sw1ne industry 18 the most
promis1ng, w1th severa! provinces planning ta expand their output by
20 ta 100% with1n the next 5 years. However, this groW'th program has
been constratned by m.any commun1t1es concerned about air, soU and
water pollution.

Fed as a mineraI supplement, zeolite can reduce the
environmental impact of the sw1ne industry by improvtng nutrient
absorption in the gut of the hoga, reducingthe manure nutrient content
and lowertng the incidence of sol1 and water pollution. By reductng the
ammon1& content of manure, zeolite can lower its N volatlli zation.

3.3 Literature Bev1ew
Zeolite t a tektos1l1cate t is a volcanic minera! with a Crystal11ne

bydrated all1m1nos1l1cate structure conWn1ng positive]y charged
meta.llic ions of the a.lkaJ1 and aJkaJ1ne earth elements (Pecover t 1987).
The crysta.ls are charactertzed by 8i04 tetrahedra where &11 four corner
oxygen ions are shared W1th adjacent tetrahedra to form a
three-dimension&1 framework. Because some silicon atems are replaced
by trivalent &1um1num atoms, a deflc1ency in pOSitive charges arises.
Thua, zeolite possesses a cation excbange capacity (CEe) reach.1.ng in
some instances 500 meqf100g as compared ta Montmor1ll0ntte with a
CEC of 80 ta 100 meqf100g (M:umpton and Fisbman, 1977). As
compa.red ta other tektos1l1cates, suah as feldspar and quartz, zeolite
possesses a remarkably open tramework where void spaces can occupy
up ta 50% of the total volume (Airoldi et sI. 1993). There ex1st
appraximate)y 45 types of zeolite with varytng cavity size (molecuIar
sievtng capacity) and some zeolites, such as chabasite, ph1llipsite and
cl1noptllol1te, are known te select1ve)y adsorb NH4 + (Sers&1e, 1983).
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Sod1um zeolite A (SZA) and cl1noptilodite have been used as a
mineral feed supplement because of their respective abllities to adsorb
Caz+ and NB.+ &long with water. Their respective CECs are of the order

of 500 and 120 meq,l100g. 8ZA bas been produced synthetically W1th a

CEC of 700 meQ/100g. Wb1le SZA contatns most)y excbangeable Na

(12.5%), cl1nopt1lol1te offers ca and K at levels of 1.6 and 2.5%,

respect1vely. Su. bas the highest amnity for ca and bas been used ta

improve the adsorption of Ca and for ion excbange ta reduce the toJd.city

of excess salta, espec1al.1y in poultry feed (Fethiere et al., 1994; Bolland

et al., 1985). Using in vitro tests, Holthaus etal. (1996) demonstrated

that SZA can replace sodium bicarbonate ta improve the digestib1l1ty of

feed, wtthout any negative effect on rumen tunet1on. Compared to a
control d1et, synthetic BZA &t a levei of 2% W&S found ta have a neg&Uve

effect on the digestib1l1ty of da1ry cattle feed (Johnson et al., 1988),

whereas 2% natur&1 SZA had no effect. In ch1eks, SZA was able ta

exacerbate the adverse effects of excess dietary Ca (Watk1ns et al.,
1989) .

Clinoptilol1te has a special 8,ffinity for NH.+ and bas thus been

used to improve n1trogen absorption in feed. The d1fferenee in affInity

between SZAand cl1noptilol1te 18 due ta the size ofthe openings between

their lattice work. Binee cl1noptilol1te has the most potential for

improving the growth of l1vesteck wh1le improv1ng N absorption and
reducing NH;, volatj)i7.Ation, it will be further exam1ned.

Added te feed at the level of 5%, el1noptilol1te bas improved the

growth rate of domestic animals and reduced manure NB3 and odor

emissions (Bartko et al., 1993). Ka et al. (1979) reported an increase
in litter size of 1.78 pigleta when feeding cl1noptilol1te st levels of 5% te

pregnant Landrace sows. However, in a seoond test W1th 5%

clinoptilol1te, Ma et al. (1983) did not observe any slgn1fl.cant effect on
embryo survival and total ovarian weight, 24~ after inSem1nating
sows. A1rold1 et al. (1993) reported the wide use of zeolite by ltaue,n

farmera to reduee odor em1&sion and tmprove feed conversion of grower
hogs. However, they failed ta measure any stgn1f1cant decrease in NB;,
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leveis and improvement in hog growth when feeding 6% zeolite (66%

phillipsite, 15% chabaslte, 15% bentonite and 15% illite) with a CBC of
265 meq 100g-1

• VrzguIa and Bartlto (1983) obtained an increase in

welght gain of 0.49 kg'week with hoga fed a 5% cl1nopt1lolite ration as
compared ta those fed a regular ration. AIso, the p1gs fed cl1noptilolite
produced less odor:1ferous feces and those with d1arrhea produced
firmer feces With1n 24 hours of testing. Barrington and El lIoueddeb
(1995) demonstrated tbat 6% zeolite (77% cl1nopt1lolite) in sw1ne feed
improved feed conversion by 0.15 kg of feed pel' kg ofbody weight gain.

It also improved carcass quality by '0.051kg and reduced manure NHa

volattl1 mt10n durtng the s1Jmmer.

In Cuba, weanlng p1gS at 33 days of age with an average body
weight of 6 kg were tested With d1fferent leveIs of clinopt1lol1te in a
wheatlcornlfish diet. The best performance was obtamed with 3%
zeolite. An improved weight ga1n and feed etficiency were recorded as
compared ta pigs on a control diet conWnfng no zeolite (Castro and
Pastrana, 1980). An. improved feed conversion was &180 obtained with

the a.ddition of 5% clinoptilolite in a typlcal Cuban d1et for grow1ng pigS
from 35 to 65 kg. This feed contained 64% molasses. With zeolite,
average d&ily gain was improved by 13% and the stool samples of pigs
held le88 water than those of the control group (Castro and Ellas,
1980). During the f1n1shing phase, from 65 to 100 kg of body weight,
the best response was obtatned W1th 7.5% cl1noptilol1te in the diet.

When used in adequate leveIs, clinoptilol1te bas a signlflcant effect
on the adsorption of mineraIs and water in the digestive tract of
animals, without altering the quality of the meat or produet. Nestorov
(1981) demonstrated tbat cl1nopt1lol1te in the rumen adsorbs the free
NH4 +, helps reduce its taxic effect, improves NH..+ ingestion by cattle
and 1mproves growth eftlclency. In ruminants, protein bydrolysis alone
does not sufflce in providing NH..+ to microbes wh1le urea supplements
generally produce excessive amounts of NB..+ , the urease enzyme betng
plentiful in the rumen. Thus, clinopt1lol1te in the presence of urea, aets
as a buffer, adsorbing the excess RH..+ but releasing it for the microbes
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of the rumen and later in the sman intestine. Tsitsishv1l1 (1978)
demonstrated that cl1nopt1lol1te had no effect on blood 8,Dalys1s when
fed as a mineraI supplement and 1m.proved crude protein and free Il
digestib1l1ty trom 73 ta 76% and 89 ta 94%, respect1vely for grower hogs.

The CEC and levei of zeolite used directly affect the performance
of the animals because too strong an adsorption effect h1nders nutrient
ingestion. Cl1nopttlol1te with a CEC of 100 ta 140 meqf100g and feed at
levels ranglng between 2 and 7.6% generally unproves cattle and hog
performance. When le8s than 1% 18 fe~ cl1noptilol1te and natur&1 SZA

have no effects (Ward et al., 1991). Bynthetic SZA with a much b1gher
CEC neg&tively affects grow'th, compared to the same level of natural
SZA which offers approx1m ately balf the CEC (Ell1ott et al., 1991).

3.4 Objactive
The objective of th1s research proJeet W'&8 ta investigate the

performance of grower hoga (25 ta 100 kg) fed a ration supplemented
with 2 and 5% zeolite (77% cl1nopt1lol1te). Animal performance was
measured by monitoring the rate of feed conversion, weight gain and
feed consumption and by measur1ng carcass qual1ty. The performance
of the grower hoga fed the zeolite ration w&s compared agaJnst a
comparable control group fed with a ration supplemented W1th fine
silica sand at the same level as zeolite. The purpose of adding sand in

the control feed 18 ta obtatn two simUar rations in terms of protein,
energy and fiber content. Having s1m1lar rations allows ta test the
effects of zeolite without test1ng the effects of reductng the protein,
energy and tlber content due ta the addition of zeolite. Boom air COa ,

NH;5 and HaS levels were &1so monitored and compared, to insure
comparable conditions among experimental rooms. Furthermore, NH;5
monitoring proVided information on the effect of zeolite on ambient
ambient air conditions.

3.5 Mater1als and Methode

3.5.1 The Experimental Piggery
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The study was conducted at the expertm.ental SW1ne unit on the
Macdonald campus of )(cG1ll University, Ste-Anne-de-Bellevue
(Montreal, Quebec) during the winter of 1997/98. This complex houses
50 sows in a farrow to fln1sh operation.

The experiment used the two identical grower rooms measuring
14.75 m by 7.60 m, Witb. a ce1l1ng height of 3.05 m. Each room bas a
centralw~measuring 1.60 min width W1th 8 pens on each side,
each of 3.00 m by 1.84 m. The animals are housed at a density of siX
hogs per pen or 0.766 m 2lhog. Each room 18 vent1lated by tbree fans,

300 mm, 400 mm and 600 mm in dtameter, wh1ch are controlled by a
common thermostat. The air 1nlet in each room consiste of four pa1rs
of ceWng panels, 0.9 min lengtb., opened against a counter weight by
the room negative pressure. A recirculattng duct under these slots
keeps the ambient and fresh air in suspension (Agriculture canada,

1992). The ventllation system produces a ventilation rate of 20.0 and
48.0 lIslhogwith two and tbree fans in operation, respeCtive]y. The pen
fioore are fully slatted and an pigs are fed ad libitum from standard
upright feeders located at the front of the pense

AlI hoga were weighed using an Alley WeighTIl electronic scale with
a ca.pacity of 1 000 kg, an accuracy of ± 0.5 kg (Ailey WeighTII by
Weigh-Tronix, Fa1rmont, MN). The scale indicator was a Tron1x Model
615 (Weigh-Tron1x, Fairmont, :MN). The COa, NHa and HaS levels in the
experimental rooms where measured us1ng a Y:ultiwarn il System
(Dra.ger, Molsl1nger Allee, Germany). This system had an infra-red
radiation probe ta measure the COa levels and eleetro-chemical sensors
ta measure NHa and HaS levels. The probes were cal1brated with

standard gas concentratIons, in the range of 1 and 50 ppm. The probe's
accuracy was equivalent ta 5% of the read1ng.

During the two phases of the experl.ment (November-December
1997 and February·AprU 1998), p1gs in grower room #2 were fed a
ration supplemented with zeolite while those in grower room # 1 were
given the control feed. The manure of both experimental rooms was
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• removed by gutter scrappers and dumped into a gravity 110w gutter in

the h&ll wayJust outside both rooms. Th1s graVity fIow gutter leads the
manure into a preplt. Althougb. grower room #1 W&S located eloser ta

the manure prepit, gas traps 1nstalled at the room gutter outlets

prevented the return of prepit gases.

3.5.2 Experimental Kater1&l

The experiment&l zeolite conta1ned 77% el1noptUolite and was

provided by Nutr1m1n Ine. It had a CEC of 130 meqf100g and a particle
size most)y under 500 J.Lm (Table 3.1).

Table 3.1: Cha.racter1sttcs of the exper1ment&l zeolite

Property Unit Value

Pbys1cal Properties

Spec1f1e gl'avity 0.95• Bulk density k#m~ 813
Hardness 3.5
Melt1ng point oC 1380
Dry brIghtness 66
pH stabllity 2.5-12
Channel dimension AO 3.9 to 5.4

Parttcle size
< 10~ % 34
10-100~ % 6
100-500~ % 44
500-700.um % 16

Chemical. Propert1es
pH 7.2
CEC meqj100g 130

Excbsngeable cations
ca. meqj100g 30.0
Mg meqj100g 0.63
K meqj100g 67.6
Na meqj1oog 30.0
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• Table 3.1: Character1stics of the experimental zeolite (cont.)

Property Unit vâlue

Zeolite Content
Cl1nopt1lol1te % 77
Siderite % 8
Quartz % 5
Plag10clase % 3
K-Feldspar % 2
Ba.r1te % 3
Magnetite % 2
Total % 100

Mineral COntent
AlllmlnUDl ~ 30.5
Ba.r1um ~ 730
Cadmium ~ <0.025
Copper ~ 248
Magnesium ~ 4368
Lead ~ 24.3
Selenium ~ <0.025
Mercury ~ 0.018
Potassium ~ 6763• Ammonium ~ 14.8
Sodium ~ 1056
Lithium ~ 3.06
SUver ~ <0.360
Arsenic ~ <1.00
Zinc ~ 31.8
Cobalt ~ <3.00
Nickel ~ 2.40
Chromium ~ 6.35
Tha1l1um ~ 0.006

Oxides
Calcium ~ 5328
Magnesium ~ 2623
Sodium ~ 1183
Potassium ~ 9480
Alllminum ~ 4207
Iron ~ 14529
Mang&nese ~ 481
Titanium ~ 472
81l1con ~ 506
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• Twice a month, the exper1mental feed was manufaetured by the
Coopérative Fédérée KW, Ste-Bosal1e, Quebec. It cons18ted ofa standard
swine ration of soybeans and corn, with 16% crude protein (Table 3.2).
The zeolite and control feed were supplemented, respeet1ve]y, with

zeolite and :fIne sillca sand. During the experiment (November to
December 1997 and February ta April 1998), the energy and crude
protein levels of the feed were not correeted after the addition of sand
or zeolite.

Table 3.2: Characteristics of the sw1ne ration

Property Unit Vâlue

Crude protein %m1n. 16
Crude fat %m1n. 2.6
Crude ftber % max. 5
CaJ.cu1m % 0.76

• Phosphorus % 0.67
Sodium % 0.20
Zinc ~ 140
Copper ~ 103
Selenium ~ 0.3
Vitam1n A iU/1tg 9.526
Vitam'n D-3 lU/1tg 890
Vitamtn K lU/1tg 26

The grower hogs used for the experiment were 75 % Landrace x
25% Yorkshire cross bred. They were raised in a wean1ng room up ta

a weight of 20 kg and then transferred into the grower room for the
exper1ment. During their last week in the wean.1ng room, they were
weighed and randomly assigned ta one ofthe two groups of equal weight
and sex distribution. Tmmed1ate]yupon beingtransferred to the grower
room, the hoga were placed on the zeolite or control feed.

•
3.5.3 Methodology

The nutritional beneflts of zeolite as a minera! supplement in the
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diets of pigs was evaluated dur1ng the complete growth period of the two
equal groups (same average we1ght, same number of male and female)
of &round 80 hogs f1n1shed dur1ng each two phases, from weantng to
105 kg live weight. This represented the cond1tions prevaW.ng in a
typical commerc1al grower hog operation. Nevertheless, onlythe results
of 120 hoga and 108 hoga in first and second phase respect1vely bas

been used for the stat1stical analys1s sinee some p1gs were sent ta the
market during the experiment.

The exper1ment was split into t'Wo phases. Dur1ng the f1rst phase
(November-December 1997), feed containing 2% ofzeol1te was fed ta the

zeolite groups of p1gs while feed containtng 2% of sand was fed ta the
control group ofpigS. Dur1ngthe second phase, (February-AprU 1998),

the level of zeolite and sand was of 6% 1nstead. of 2%. Winter conditions
prevailed dW'ing the t'Wo phases, except for the last weelt of the second
phase where Sl1mmer conditions preva1led for exterlor temperatures
reached 24°0 dur1ng the d&y.

Animals were added ta and removed from each exper1mental room
on a continual bas1S, rather than on an -all in all out- b&sis. On a
regular basis, groups of 40 ta 60 weaned pige were we1ghed, ident1f1ed
and split into t'Wo groups of Identical we1ght and sexe One group was
transferred into one grower room and fed a standard sw1ne ration with
zeolite while the other group was transferred ta the other identical
grower room and fed the standard ration with sand. In each room, the
weaned pige were further split into subgroups of 6 pige and each
subgroup was placed in a single pen. Each pig was identifted by ear
notching and its pen number was recorded. Feed consumption and feed
conversion rate were averaged for aIl six hoga in each pen while weight
gain was calculated for each individual pige

Followtng & one week per10d of acclimatization ta their
environment, the exper1mental animals were weighed a second t1me and
omc1ally placed on test. Feed was weighed and added ta the indiv1dual
feeders once every two days. The a.n1m&1s were we1gb.ed every t'Wo
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weeks, st which t1.me the feeders trom each pen were we1ghed ta
calculate the feed conversion rate. The boga were sent ta the market st
a. weight of 100 to 110 kg. Each animal was 1dent1f1ed by a tattoo before
being sent ta the sl&ughterhouse. The slaugb.terhouse could record, for
each experimental hog their carcass weight and index. Quebec hog
producers are paid accord1ng te the carcass index wh1ch 18 determined
by the carcass qual1ty. Amongst the different factors cons1dered ta
determ1ne the e&rC&SS index 18 the carcass weight, length, color of the
meat and quantity of fat.

The temperature 1ns1de and outside both test rooUlS was noted
electronically every minutes and these records were used te adJust the
thermostats for an even ventilation in both exper1m.ental rooms. Every

weeks, N'H3 , COa and HaB levaIs in both rooUlS were measured every
minute over a 24 hour per10d using the Driger Jlultiwarn II System.
The measurements were carried out in the center~ ofthe rooms,
st two thirds of the length towards the fans, and st a height of 1,2m.

Odor evaluations were condueted once during the :ft.rst stage of the
experiment and once during the second stage of the experiment. Each
time, a. total of 15 panel1sts were ssked te stand in each room, and
eva.luate the odor level subJeet1vely. The evaluation was conducted in

one room and then in the other. The test teok no more than 15
minutes. They were asked te rate the odor level using a scale of 1 ta 5
where 1 represents a very unpronounced odor, 2 an unpronounced
odor, 3 a pronounced odor, 4 a very pronounced odor, 5 a very very
pronounced odor.

3.5.4 Stat1stical .Analys1s
A temporal repeated-measures AllOVA with a randomized

complete black design was used in th1s experiment to observe the
variation in average da1ly feed intake (ADI), average da1ly weight gain

(ADG) and feed ta gain ratio (FIG). The experimental design was
composed of four blacks with t'Wo to four repl1cates per block, two
treatments (Control and Zeolite), four repeated-measures and one
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cova.r1able. The use of a covariable was necessary in tb1s exper1ment to
take into account the differences ln we1gb.t between groups of pigs. The
covariable corresponds to the 1n1t1al we1gb.t of pigs at the beglnn1ng of
each test phase. In th1s expertment, t1me was the repeated factor (von
Eden, 1993). This stat1st1cal model represents fairly the trial executed,
but presents some draw backs. Firstly, the effects of the covartable are
tao strong: they overcome the expected t1me effect. Consequent]y, th1s

model bas been compared with. two other s1mUar statistical models (1­

same model descr1bed above but without covar1able, 2 - same model as
no. 1 but div1d.1ng every AnG, ADI and FIG by the cova.r1able) and
simiJar sign1f1cant results are obtained. Secondly, the model does not
measure the d1rect effect of the treatment versus the pig's weight. Thus
by spl1tting the data into two groups (pigs below 60 kg and pigs above
60 kg) it's possible to part1al1y overcome tb1s disadvantage. (See
appendix A ta D)

The carcass indexes were compared us1ng an AOV procedure
where treatments (zeolite or sand) and black (carC&ss we1gb.t) effects
were compared (Steel and Torrie, 1986).

3.6 Results and Discussion

3.6.1 Animal Performance
The performance of the hoga (AnG, AFI and FIG) 18 compared for

the two phases of the exper1ment in Figures 3.1 and 3.2. During the
first phase of the experiment (Figures 3.1), using 2% zeolite or sand,
the zeolite had a sign11lcant effect on FIG and AFI for hoga we1gb1ng less
tha.n 40 kg. For the hoga weigb1ng 20 kg, the 2% zeolite feed decreased
the FIG ratio by 0.14 kg, reduced the ADI by 0.1 kg of feed, but had l1ttle
effect on the AnG. For the hoga welgb1ng more tban 40 kg, the zeolite
supplement had no sign11lcant effect. For those hogs welgblng more
tha.n 60 kg, the zeolite feed had a sl1ghtly depreS8ing effect on the FIG
and the ADI with l1ttle effect on the ADG.

Add1ng zeolite at a 10w level, to the diet of large 8.D1ma1s, had a
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• negative effect on their feed to gain ratio (Figure 3.1). This can be

expla.1ned trom the tact that the energy and protein level of the

experimental feed had not been adjusted for the additive, and that the

test was started us1ng animalS of variable we1ght. When 2% zeolite or

sand feed was given ta hoga, all s1zes of animals rece1ved the feed.

Thua, the larger animale (over 60 kg) were swttehed from a regu1&r ta

a lower energy feed, unadjusted for the additives, and showed sl1ght

negative effects.
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Figure 3.1 The FIG (Feed to Gain ratio), ADI (Average Datly feed
Int&ke) and ADG (Average D&1ly Gain) versus we1ght with
the feed cont:atnlng 2% zeolite and 2% sand (control) (Phase
1).

•

For the second phase of the experiment (Figure 3.2), the 5%

zeolite feed had a stgniflcant effect on the hoga weightng over 40 kg. For

those hogs we1gb1ng 75 to 100 kg, the FIG ratio w&s reduced by 0.19 kg

of feed per kg ofbody we1ght gain. The ADI was reduced by 0.4 kg wh1le
the ADG was not aff'ected s1gniflcantly.

The fact th&t ADI and FIG, but not the ADG, were affected by the
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• zeolite indicates that zeolite may indeed slow down the passage of feed
through the intestine of the pigs. Zeolite could ind1rect1y slow down the
passage offeedby absorbing water in the intestine and reduc1ng the ADI
of feed without atreet1ng growth rate, thereby lmprov1ng feed efflc1ency
(Figure 3.2).
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Figure 3.2 The FIG (Feed ta Gain. ratto), ADI (Average Da1ly feed
Intake) and ADG (Average Da1Jy Ga1n) versus weight with
the feed conta1n1ng 5% zeolite and 5% sand (control)(Phase
2).

From this experiment, the beneflts of zeolite can be expressed in

terms of a reduction of feed consumption per ftnished pig. If a FIG
decreases by 0.14 for hoga of 25 ta 40 kg by using 2% zeolite and FIG

decreases by 0.19 for haga of 40 ta 100 kg by using 5% zeolite, this
represents a feed economy of 13.5 kg per f1n1shed hog.

Data !rom the flrst and second phase show tbat the energy and
protein level of the feed bas an. effect on the feed to gain. ratio. Rogs of
50 kg fed a ration d1luted with 2% zeolite had a FIG of3.0 while with the
5% treatment, the FIG W&S over 3.2.
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• The carcass qual1ty of all hoga fed zeolite and sand iB reported as
a function of e&rC&8S weight for an experiment&l hoga (Figure 3.3).

Zeolite tended ta improve carcass qual1ty of all hoga with carcasses
weigh1ng under 85 kg althougb. the cWference was not s1gn111cant due te

the high standard dev1ation. The same results were observed by
Barrington and El Koueddeb (1996). To better measure the effects of
zeolite on carcass quality, the exper1ment needs ta be repeated us1ng 2%

zeolite when the hoga we1gb. less tban 40 kg, and 5% zeolite when the
hoga welgh over 40 kg and tb1s must be done on an "allin all out" basis.

•
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Figure 3.3 The over &1l carcasslndexversus carcass weight for hoga fed
the zeolite and sand (control feed).

During the test per1od, no speciflc health problems were observed,
except for some tail biting when the hoga were initially transferred into
the grower room. Tail b1t1ng was more evident during the 1&st week of
the second phase of the experiment when outside conditions changed
rapidly from w1nter to Sl1mmer.

•
3.6.2 Ambient Air Quality

The 1evels of ammonia, carbon dioxt.de and bydrogen sulphide &re
reported in Table 3.3 for eachphase of the experiment. The zeolite feed
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• had no slgnu'cant effect on the Ievels ofall three g&ses, but the cl1lution
level of the supplement (zeolite or sand) and the ventilation rate had a
significant effect.

Table 3.3: .Air qual1ty in the experimental rooms
Trial Carbon dionde Ammon1&

(% byvolume) (ppm)
Hydrogen

sulphide (ppm)

Control Zeolite Control Zeolite Control Zeolite

2% zeolite
Nov-Dec 97 0.21
Phase 1 (.060)·
Winter vent.

0.19 12.29 12.63 <0001 <0 001
(.040) (2.881) (2.266)' .

5% zeolite
Feb-Apr 98 0.16 0.17 7.38 9.18 0.005 0.004
Phase 2 (.029) (.037) (3.666) (3.049) (.032) (.024)
Winter vent.

• 5% zeolite
Feb-Apr 98 0.08 0.08 3.65 4.21 <0.001 <0.001Phase 2 (.009) (.010) (1.299) (1.567)
Sum vent.

•

* The values in parentheS1B are the standard dev1at1on.

At the beginn1ng of the experiment, both experimental rooms had
an ammonta level of 50 ppm. This level dropped with the installation
of gas traps 1nside the manure gutters at their outlet roto the m&1n
gutter leading to the prepit. With these gas traps in place, the ambient
ammonia levei dropped ta 12 ppm with the 2% zeolite or sand feed.
Nevertheless, the ambient a.mmoni& levaI was lowered to an average
level of 8.7 ppm when feeding 5% zeolite or sand. Thus, the feed diluted
with the 5% supplement had a lower N content, than that with the 2%

supplement, and this had a positive effect on manure N volat1117.Ation.
Also, this drop can partia1ly be attributed ta the slightly higher
ventilation rate durin.g the second phase of the experiment, as opposed
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• ta the first phase (Table 3.4). Dur1ng the last weelt of the second phase
of the exper1ment, the a mmon1a Ievels dropped to 3 to 4 ppm, as the
vent1lation rate was drastical.ly increased. Thus, the management ofthe
ventilation system and the levei of crude protein in the feed had a more

significant effect on the ambient ammonia leveIs than the zeolite
supplement in the feed.

Table 3.4: Air temperature and ventilation in the exper1mental rooms
Trial Average Fan Operation

Temperature (% of the time)

oC 300mmfan 46Omm fan 600mmfan

- ~ - ! - ~ - ~0 0 0 0

~
;::1

~
;::1

~ ~0 0 0 0
CD CP CD CD0 ~ 8 ~ 8 ~ 8 ~0

2% zeolite
Nov-Dec 97 16 16 92 92 31 30 0 0• Phase 1 (.408)- (.321)
Winter vent.

5% zeolite
Feb-Apr 98
Phase 2
Winter vent.

50/0 zeolite
Feb-Apr 98
Phase 2
Sumvent.

18 18
(.634) (.392)

21 21
(2.94) (2.37)

95

99

96

99

49

91

45

93

o

48

o

46

•

* The values in parenthesis are the standard dev1ation.

The bigh value of the standard dev1ation for the NH:5 can be
expla1ned by the tact that it has been calculated trom several 24 hour
perlod data and that the NH3 levei tends ta be 3 ta 4 ppm higher on
average durtng the day then durtng the night. Furthermore, the NR3

can quick)y increase by 3 ta 5 ppm as soon as someone entera the room.

47



• It t&kes approximately 46 to 60 min for th1s level to return to normal.

The COa levelwas lower dur1ngthe second phase ofthe exper1ment
because of the slightly h1gher ventilation rate (Table 3.4). Dur1ng the
last week of the second experiment&l phase, 1t dropped to 0.08 % by
volume, with the 81Jmmer ventilation rate. Very l1m1ted HaS leveIs were
detected only dur1ng the second phase of the exper1ment.

Althougb. the diff'erence was not sigDtftcant, the zeolite room had
a slightly b1gher NHa and COa lavel than tbat of the control room. Th1s

can he attrtbuted ta the sl1ghtly h1gher ventilation rate in the control
room, especially for the 450mm fan (Table 3.4).

Table 3.5: Subjective room a1r odor evaluat10n

Trial Odor Battng (1-6)

Control Zeolite

• 2% zeolite 3.05 2.10
Nov-Dec 97 (.844)· (.526)
Phase 1
Winter vent.

5% zeolite 3.16 3.16
Feb-Apr 98 (1.006) (0.856)
Phase 2
Winter vent.

Note: the intens1ty of the odor rattng increases trom 1 to 5.
* The values in parenthesis &l'e the standard dev1ation.

•

Dur1ng the first and second phases of the experiment, the level of
odor in both rooms was evaluated subject1ve}y. The 15 panel1sts
eva.luated the odor level as sl1ghtly lower in the zeolite room dur1ng the
firat phase and equal during the second phase of the ex:per1ment (Table
3.5). This may have resulted from the slightly higher ventilation rate
perslsting in the control room during the second phase of the
experiment (Table 3.4). Aga:tn, ventilation management and room
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clean1ng practiees~ have had a more stgn1f1cant effect on odor level
than zeolite.

3.7 Conclusions
Zeolite supplement in the ration of grower hoga tmproved feed

efficlency when compared to feed baving the same energy and erude
protein levels. For hoga we1gbjng less than 40 kg, zeolite at a level of
2% reduced the feed required per kg of ga1n wh1le 5% zeolite wu
required to produce some effect for hoga over 40 kg. Thua, the use of
zeolite at a rate inereas!ng trom 2 ta 6%, with the weight of the hoga,
could reduce feed consumption by 13.51tg/fln1shedhog. This represents
a 5.8% reduct10n in feed consumption and probably a stmUar reduct10n
in manure production. Consequently, this reduces the environment&l
impact of the SW1ne production.

As eompared ta the control feed conta1n1ng an equivalent amount
of sand, zeolite had no sign1f1.cant effect on the amrnon1a level of the
ambient air in the experimental rooms. But, the dilution of the feed
with 2 and 5% zeolite or sand reduced the amount of ammonia in the
ambient a.1r. Thua, zeolite can reduee the 8.JTlrnonia level by allowing the
use of feed with a lower crude protein level. The management and
design of the ventilation system, the ventilation rate and the feed erude
protein level had a. sign1f1.cant effect on the 8.JX)mon1a and carbon
dioxide. Panelists found that the odor level in the zeolite room was
slightly less dur1ng the ftrst phase of the experiment. On a. 1 te 5 scale,
the zeolite room obtained a grade of 2 (unpronounced odor) wh1le the
control room obta.1ned a grade of 3 (pronounced odor). Agatn, other
factors m.ay have had more 1ntluence on the odor level than the use of
zeolite.
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CONNECTIBG BTATEJlEBT

In arder ta measure odars emitted by agrtcultural act1v1ties, the
next chapter w1l1 rev1ew technologies presently ava1lable ta measure
odars qual1t&tive]y and quant1tative)y. It w1ll demonstrate tbat the
olfactometer 18 an instrument widely used in the measurement of odor.
An entirely automated and l1exible dynarnic o1f&ctometer w1ll then be
presented as it was conce1ved and bullt at the Faculty of .Agr1cultural
and Environmental Sciences of JlcG1ll University.

This paper w1ll be 8ubmitted for publication in the Joa.raa1 of
Cana4laJl .&aftC1l1t111tal --,,-..na,. '&.thon: Ohobatèr., D. an4

B~rbll'o.,8.~. The contribut1on of the authors are: 1) First author
conce1ved, built and tested the olfactometer and collaborated in the
writing of the article. 11) Second author superv1sed the project and
co-edited the article.
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CHAPTEBIV

The Design of a Versatile Dynamlc Olfaetometer

4.1 Abstract
Odors trom l1vestock and organic wastes are a source of

annayance jeopardizing many agricultural sectors. There 18 a need for
precise instrumentation in odor measurement ta develop and test odor
control techniques and regulations. Th1s article reviews the techniques
presently ava1lable for the measurement of odors. The h11rnan nose 18
still the most sensitive instrument avaUable ta quantUY and qual.1.fy
odors. But, hl1rns:nS can introduce b1&s in the evaluation of odors.

Therefore, several olfaetory methods have been developed and
among them, the dynamic forced choice olfactometer 18 the most widely
recognized. This instrument offers three snjmng ports ta a pane118t,
one of which i8 contamtnated with odorous a1.r and the panel1st must
identüy which port is contaminated. The :flrst dilution presented ls weIl
below detect10n or threshold levei and the strength. of the odor 18
increased untll each panel1st has correctly Identified the contamtnated
port tw1ce in a row. The ASTI( E679 method of comput1.ng the results
is preferred and the odor concentration Is presented in terms of the
threshold dilution for 50% of the panel1sts. A panel of more than 8 and
even 10 members Is recommended for repeatable results. Before each
testing session, ail panel members must be rated UBing n-butanol.

Based on these requirements, a dynarnic forced choice
olfa.ctometer was deslgned and bU1lt at )(cG1ll University. Th1s

olfactometer i8 fully autamated for fast and accurate anaJysis of odor
samples. The olfactometer bas a bu1lt in n-butanol unit for the rating
of each panel1st before every session. This n-butanol accessary allows
for the conversion of the dy'narnlc olfactometer into an n-butanolscale
olfactometer if need be. The automation of the system and the user­
friendly interface allows the controller ta adJust test1.ngparameters with
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sample strength and the con1lgu.ration of the olfaetometer with new
reqU1rements and sc1entiflc developments.

4.2 Introduction
Odor control 18 an important econom1c issue for an agricultural

seetors involved in l1vestoclt production because th1s industry 18

responsible for 70% of aIl organic wa&tes produced on a dry matter
basis, includ.1ng domestic W6Stes, pulp and paper wa&tes and municipal
wastewater sludge. This large amount of organic wastes produces
important quantities of odors caus1ng public annoyance.

Among &11 agriculturaI sectors, the ewine industry is the most
promising, w1th severaI provinces planning to expand their output by
20 ta 100% witb1n the next 5 years. Nevertheless, th1s growth program
18 met with strong opposition from many rural and urban communit1es
who fear that air, soU and water pollution is at st&ke. SoU and water
pollution can be controlled tbrough sound manure management and
spreading practices. But air pollution by odors is a more d1fftcult
matter to deal with because of lts intangible nature and because of the
limited research in th1s field.

For h llrn8.Ds, odars are a subconscious stress rather than an
illness. Odors affect the emotional state but have l1tt1e impact on the
physical betng of h l1mans, although these emotional stresses can
present themselves as pbysical symptoms (Cunnick, 1995; Scbiffman,
1995). Furthermore, hl1maDs are becorning more and more sensitive
ta odars because oftheir more frequent exposure to chemicals, such as
food preservatives, and ta drugs as for medical purposes (Schiffma.n,
1994). Hl1rnaDS feel insecure and stressed when presented with the
possibllity ofbeing exposed to odars. Thua, lt 18 impossible for hnmans
ta give an unbiased response when approached with an odor problem.
Odor perceptions are subject to all k1nds of Soc101ogl.cal b1as. This bias
results from stress, economical insecur1ty and even disputes between
neighbors (Thu, 1996).
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Althougb. odor controlis an important issue, researchers are just
start1ng to understand some of the controlling processes. In the fleld
of odor control, the development of adequate instruments to measure
odors bas been the majD draw back.

The present article w1ll rev1ew the technolOgies presentlyavailable
to measurethe qualities ofodors perceivedbyh11mans. This rev1ewW1ll

conclude that the olfactometer 18 the most widely used instrument for
the measurement of odars, althougb. it offers some disadvantages. A

ful.ly automated and flexible olfactometer w1ll then be presented as
conceived and bu1lt at the Faculty of Agricultural and Envtronmental
Sciences of McG1ll University.

4.3 Literature Bev1ew

The gases responsible for the ema.nation of odors have been
quantified and ident1f1ed weIl before the 1980's. It became obvious at
a very early stage of research th&t the perception of odors by the humaD
nose was far more complex than expeeted. A mixture of g&ses exerts a
synergetic effect on the response of the humaD olfaetory sense.

O'Neill and Ph1ll1ps (1992) publ1shed a S11mmary of all odorous
gases IdentUled by GO and assoc1ated with l1vestock manure. The
human olfactory sense is espec1&lly sensitive ta tbiols and phenol1c
compounds W1th a sulfur group. The tb10ls are detected by the humaD

nose at a concentration of 0.01 ngjm3 or at a dilution of 10-14
• Hydrogen

sulftde ls detected at &. threshold of 0.10 nslm3 or &.t a d1lution of 10-13
•

Ammonia. 18 one of the least odorous compounds, being detected &.t &.
threshold of 2 #Jgjm3 or at a dilution of 10·a.

Not only bas the Ge been instrumental in ident1fY1ng and
quant1.fy1.ng odorous g&ses em.1tted by l1vestock manure, but it bas been
instrumental in demonstrat1Ilg that the huma.n nose can d1fferentiate
compounds of very close chemioal composition, such as isomers. For
example, the human nase d1fferentiates the smell ofvan111a and cresol
where the buis molecular structure is &. phenol with, for va,nU1a, an
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OH, COR and OCH~ group and for cresol, an OH and CH~ group. The
h llman nose deteets p-cresol at a concentration of 0.06 ngjm~, m-creso1
at a concentration of 0.22 D.IIm~ and o-cresol at a concentration of 0.4
ngjm~ or at a dilution of 10-1~.

The followt.ng sections will rev1ew the instruments developed to
quant1fy and Ident1:fy odorous gases as well as thetr capab1l1ty of
representtng the h 11ma n olfactory response.

4.3.1 Gas Chromatography to )(easure Odors
Gas chromatography (GC) ls the oldest but most rapld and

powerful technique capable ofquantt(y1ng and Ident1f31ng odorous gases
(Furniss et al., 1989). It works by partitioning components between a
mobile phase and a stationary l1quid phase retained &8 a surface Ia.Yer
on a suitable sol1d supportlng medium. The separation system 18
contained within a column, 2 to 30 m in length and 0.60 te 4 mm in

diameter and this column Is held at a constant temperature. The cholce
of stationary phase for the co1umn will be influenced by the polar
cbaraeter of the compounds to be separated.

As the human nose, the GO Is capable of d1fferentiating between
isomers and compounds with different radicals. The GO separates such
compounds through the use of chiral substances or absorbents (J4arch,

1992).

The Ge offers specific disadvantages in odorous g&8 analys18. It
ls often imposslble ta IdentUY au the compounds detected (Hammond
and Smith, 1981). The GO ls &lso unable to measure the synergetic
effects of m:iJttures of g&se8. Non odorous gases such as those with a
bydroxyl radical, contrlbute ta odors by chem1cal react10ns or by
enhancing lonization (H&rr18son et al., 1991). Each compound has Its
own individual ch&racteristics which, when m1Xed with other gases,
form a new odor. For example, 4-metbyl phenol 18 known. te increase
the malodor level of a mixture and skatole 18 known to mod1(y the
nature of the odor (Dravnieks, 1985; Barth et al., 1984). Ftnal]y,
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accurate CG analyzes are d1.m.cult to carry out in the field even with
portable units (Kerfoot et al., 1990).

Direct measurement of odorous gases by GO 18 d1fflcult because of
the low concentrations often encountered (Schaefer, 1977). The h l1man

nose will recogniZe some compounds at concentrations &8 low as
0.01ng1m:5. Thus, pre-concentration of the components of an odorous
air sample 1s high]y recommended. The volatile organic compounds can
be absorbed by sU1ca and carbon and de·sorbed us1ng a solvent. Often,
solvent recovery 18 tncomplete and the level of solvent recovery must be
measured before band (Driscoll, 1982). Extraction by freeze vacuum
techniques 18 an improvement over solvent extraction for chicken and
pig slurry odors (Yasuhara, 1987). Concentration by purglng and
trapping for wastewater sam.ples gives an excellent representation of
odorous components released sinee the technique releases espec1ally
those ga,ses insoluble in water (Driss and Bouguerra, 1991).

Despite the lack of 1nsensitiv1ty for synergetie effects, Ge and
CG-MS continue ta be a standard analytical procedure accompanytng an
other technique for odor analysis.

4.3.2 Electro-chemical Cells and the M:easurement of Odors
Sever&1sensors havebeen developedta detect gaseous components

in ambient air. These are elther metal onde semi-conduetor capacitors,
chemically mod1f1ed fteld-effeet transistors, optical devices and
piezo-eleetrontc quartz crystal dev1ces (Sweeten, 1995). Wh1le some
gases can be detected by one sensor, other more complex odorant auch
as pyridine, require multiple sensora with overlapping sensltiv1ty
(MacKay-Sim, 1992).

Photo-ion1zation techniques have also been used to deteet air

contarn1nant&. These are sensors where air components are exclted
photo-electronically and the number of exclted molecules 18 measured.
This technique 18 le8s d1sturbed by relative humid1tytban the eleetronic
sensora but the instrument must be zeroed before tak1ng any
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measurements and th1s may cause problems where no reference air ls
ava1la.ble. For example, to compare the odor level of two pl"eries
where a.1r qual1ty may vary between rooms and outslde the room, a
reference air sample may be d1fflcult ta obtain.

These electronic techniques offer the advantage of be1ng portable
devices, capable of measurtng odars on site as m.eJor odor components
are known ta be chemically unstable (Hobbs et &1., 1995). The
materials mAk1ng up these eleetronic dev1ces react with the air

components and 100se their senslt1V1.tywith t1m.e. Thus t they have to be
replaced regularly, adding to their cast.

Hobbs et Bl. (1995) tested a photo-lon1zjng deteetDr (PID) and an
electronic nose (EN) aga1nst olfactometry for the detect10n of pig and
chicken manure odars. PID bad a l1near response ratio ta odor
concentration (OC) and did not react ta samples with a relative
humidity exceeding 50%. Odor concentration 18 measured in terme of
number of dilutions reqUired ta obtain a detect10n tbreshold by the
human olfactory sense. OC is deflned as the number of dilutions
required for 60% of panel members to deteet an odor and 18 expressed
in OU/m3

• PID gave a s1gna] down to 1 000 OU/m3 but could not
distinguish odors. It could detect some compounds down ta Jlg/m3

• The
EN was found ta respond selectively ta d1fferent types of odor
components but ta be less sensltive than PID. )(o1sture Interference
occurred with relative humid1ty above 40% and the response ratio was
not linear with OC. A zero reading W&S obtained st 60 000 OU/m3

•

In general, electronic sensors are Ideal for on slte measurements
but their senslt1v1ty and select1v1ty for spectflc odars are 1nferior ta
thase of the h\lmaD olfactory sense.

4.3.3 The Olfactometer
The h llman nose ls st1ll the most sensitive instrument available

ta measure odors (ASHRAE, 1993). Not only can it deteet some
compounds (cresol and thiol) at levels as lowas 0.01 ngjm3

, but it can
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aIso percelve the synergetic effects of gases in mixtures. As 8

consequence, panel1sts bave been used ta measure odor intenslty and
offenslveness. The use of panel1sts to measure odors bas been termed
olfactometry and th1s technique 18 known te be expenslve, t1me
consl1ming and exposed to b1as.

Olfaetometry ls a complex technique requ1.r1ng the proper design
of severaI operational phases: sampling and/or bagglng the sample,
carrying out the olfactory test and computing the results (MorriSon,
1982).

Dyna.m1c and static samplingtechniques have beenused. Dynam l c
sampl1ng consista in transport1ng the panel1sts on site in an enclosed
chamber, free of &Dy odors, sampling the source and pumping it to the
olfactometer in the control chamber for immediate analysis by the
panelists. This technique l1m1ta the number ofpanel1sta because of the
lim1ted size of cbamber being transported. It 18 also very cost)y and the
panelists can get fatigued trom traveling from one slte ta another. Static
sampl1ng requ1res the use of non-absorbtng baga such as those of
Mylarnl

, TedIarTll or TeflonTll (Watts et &1., 1992). The M,ylar baga are
the least absorbing but are d1fflcult te heat seal and any leakage from
the bag can lead ta bias results (Sweeten, 1995).

Odors are known to deterlorate rapldly. Hobbs et al. (1995)

observed that some of the most detectable odors oxid1zed after 2 hours
of sampling. Odors collected in sampl1ng baga should therefore be
a.nalyzed witb1n 8 hours of collection (O'Brien, 1996).

Once the source ls sam.pled, the odor can be brought to the
panel1sts for analysls. The panel1st& are a1ways asked ta rate the
intenslty of the odor, a quantitative measure, and &1so, they can be
asked ta evaluate the offensiveness of the odor, a qualitative and more
subjective measure. In olfactometry, the number of panel members and
the rating of the panel1sts before testing are two ma;tn issues affeet1ng
repeatab1l1ty of the results. Most procedures recommend the use of
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more than 8 panel1sts (ASTlI, 1981; Dravnieks et &1., 1986). Nlcell
(1994) and Nlcell and Tsakaloyannts (1997) refer to 10 panel1sts for
repeatab1l1ty. The ratl.ng procedure requires the panel1sts to determine
the tbreshold dilution of a clean air sample conWntng n-butanol. Most
procedures reqU1l'e the e]jm1nation of the extremely sensitive and
insensitive panel1sts.

The olfactometry procedure can then be direct or by dilution to lts
threshold levei. Two basic direct methods have been developed: one
where the air sample 18 p&ssed through cotton or fabric swaths and the
panel1sts are aslted to smell the swaths and evaluate the intensity of the
odor (Miner and Ltcht, 1981). The other technique reqUires the
panel1sts to smell the sam.ples themselves, and again evaluate their odor
intensity. The ratl.ng procedure recommended for the direct evaluation
of odars uses a scale of 0 to 10 where 0 pertatns to no odors and 10 to

a very intense odor (Bulley and Phill1ps, 1980). Barrington and El

Moueddeb (1995) bave recommended to use a scale of 0 ta 6 because
panelists have some difflculty in d11ferentiating between more than 6

levels. These direct methods are exposed to & bias evaluation from the
panel1sts. A panel1st may fail ta recognize & treatment reducing odor
leveis simp)y because of an aversion for the odor Itself (Barrtn.gton and
El Moueddeb, 1995).

Ta reduce bias, &butanol scale olfaetometer has been designed for
the direct eva.luation of sam.pIes. This olfactometer bas & sn1ff1ng port
through which n-butanol ls released in clean air &t variOUB
concentrations. The undiluted odor sample ls introduced through
another snjftjng port. The panel1st ls asked ta state whether or not the
n-butanol concentration 18 stronger or weaker than that of the odor
sampie. The oder intenslty of the sampIe ls then expressed in terms of
smellintenslty, SI:

•
where

SI = ken (equation 1)
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• kandn

c

= 0.261 and 0.66 for n-butanol,

= concentration of n·butanol corresponding ta the
odor sampie.

•

•

Sweeten et al., (1983) tested the performance of the n-butanol
scale olfaetometer with 8 levels of n·butanol (1.5 ta 80 ppm), us1ng
livestock odars. The lowest standard dev1ation (SD) among panel1sts
was obtatned when the n-butanol levels were presented randomly,
otherwi.se, the panelists tended to anticlpate the result. .AIso, panel1sts
must be tr&1ned before us1ng the n-butanol olfactometer. A panel of 8

member8 Is recommended and the stimulus flow rate of the nose plece
must be standardized (ASTK, 1981). For fleld exper1ments, the
n-butanol reservoir must be held perfectly horizontal and at constant
temperature otherw18e the n-butanol concentration may vary amon«
tests.

Odor concentration ls also measured in terme of the number of
dilutions required ta reach the detect10n threshold level. The dynam1c
olfactometer 18 an apparatus used ta measure diluted odors. It conslsts
of one, two or three ports, where one port releases clean air

contaminated by a specifie concentration of odor sam.ple. The first
dilution 18 weIl below the threshold value and the dilution 18 reduced in

sequence unt1l the panellst can deteet the odor. Where the panel1sts 18
presented with one port, he/she must answer yes or no, referr1ng ta the
detection of the odor. To reduce b1as, the olfaetometer can offer two or
three ports, where only one l1nknown port releases the contam1nated
air. The panel1st& must correetly IdentUY the contam1nated port. This
apparatus 18 called the dynam1 c forced cho1ce olfactometer (ASTM,
1979). It Is the most widely used and recogntzed olfaetometer for the
measurement of l1ve8toClt and organic waste odors (Sweeten, 1995).

For both types of olfaetometers, the single or multiple port
1ncreas1ng the strength of the odor 18 achieved in equal steps.
Normally, a panel1st changes Its response !rom pure guess ta clear
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perception in a 2 fold increase in concentration. Us1ng a step under 2
takes more tune and above 3 leads to a lost of precision (Dravn1eks et
al., 1986).

Once the odor bas been evaluated, the results need comput1ng into

a pract1cal form. For the n·butanol scale olfactometer, the selected
concentration ls used to compute the SI value (equation 1). For the
threshold olfactometer, the OC 18 presented as the 10g&rithm1c values of
the number of dilutions at the tbreshold, namely the log (Z) value.
Three methods have been desiglled to compute a dilution threshold tram
the response of the panelist (Dravn1eks et al., 1986):

1) The ASTI( E679 method glvtng a pract1cal value close ta tb&t
concentration for which p=O.6. The value used 18 a geometric mean of
the concentration in 2 triangles, one inwhich the panel1st made the last
wrong answer and the other in which the panellst made, for the flrst
time, two consecutive right answers.

2) The Hall-Ellis Quantal Besponse Ilethod. proposed for panels of less
than 8 members. This method uses a rank1ng procedure because a log
normal distribution of panel1st sensit1v1ty may not be sat1sfled.

3) The Odor Detectab1lity Funct10n Accord.1ng to the Signa.l. Detection
Procedure (TSD-50) which ls an index of detecta.b1lity, d" obtained from
the fraction of correct responses at each concentration via the use of a
table.

Accord.1ng to Dravnieks etal. (1986), the TSD-50 method produces
lower log (Z) values tban the E679 and the Hall-Ellis methods for
panels of more tban 8 members. The E679 and Hall-Ellis methods gave
similar results, but the H&ll-Ellls method gave less scatter for panels of
les8 than 8 members. Furthermore, the forced choice method helps
reduce the panelist b1&s with the E679 method.

Nicell et al. (1986) 1ntroduced the concept of a discrimination
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threshold to improve result repeat&b1l1ty by accounting for the effects
of chance ln evaluattng the tnc11v1dual panellstls threshold. Th1s

threshold 18 a multiple of the aotual deteeted thre8hold, as computed by
the E679 method but tncluded a factor accounting for the fact tbat the
panel1st may st1ll have been gues81ng dur1ng h1slher last right answers
and that the geometr1c mean 18 an approximat1on of the true response.
Nicell et al. (1986) &1so demonstrated the effect of select1ng panellsts
whlch are elther extremely sensitive or 1nsensltive ta odors. For a
panel made up of 10 members, such a person can change the deteet10n
leveI by more tban 25%. Nlcell et al. (1986) 8uggested guJ..dellnes for
repeatable results Ca variab1l1ty of 10% or less between repetit1ons) 18

to l1m1t the effect of one panel member on the over &il results. A panel
size of 10 members 18 preferable and &il panel1sta with an extreme
sensitivity (threshold detect10n level of more tban 2 dilution steps over
or above that of the other panel1sts) should be el1minsted.

Ta improve the repeatab1l1ty of results, O'Brien (1995)
recommended aslt1ng the panel1sts whether or not they were guessing,
j nkljng or certain of their port selection. Based on th1s commenta, the
dilution threshold can be reported as belng elther that of detect10n or
recognition.

In snmmary, the most widely recognized and used technique for
the measurement of l1vestock and organic waste odars 18 the cJynamie
forced choiee olfactometer. The n-butanol scale olfactometer i8 &1so
used but ta a more l1m1ted extent. The dynam1c olfactometer requires
that an panel1sts be rated with n-butanol before each trial. The ABTI(
E679 method for eomputtng OC 18 also the most Widely accepted. because
of its reliab1l1ty and ease of application. To 1mprove the repeatab1l1ty of
the results, either the discrimination threshold should be used or the
panelists should be asked whether or not they are guess1ng.

From th1s rev1ew, a dynam1c forced-choiee olfactometer was
desigIled and bu1lt. The unit was fully autamated ta reduce chances of
errora wh1le setting the dilution levels and ta speed up the process. The

65



•

•

•

olfactometer was also equipped with a bottle of n-butanol ta

automatical.ly rate aIl panel1sts before each test and te convert the
olfactometer into an n-butanol scale olfaetometer if need be. The
folloW1.ng sections present the olfactometer and its conception b&s1&.

4.4 Conception Basis For a Dynamic Olfactometer
The dynami c olfactometer 18 the most Widely accepted method of

eva.luat1ng the strength of an odor or the number of dilutions required
before a human being can detect its presence (Sweeten, 1995). Two

recognized associations have produced standards on the construction
requirements of olfactometers : ASTI( (American Society of Testlng of
Materials, 1991) and OEN (Comité Européen de Normalisation, 1995).

The folloW1.ng discussions will SlJmmariZe their requirements. In

building the lIcG1ll olfactometer, the standards of the Montréal Urban
Community (MUC) have been used, along With those ofASTM: and CEN.
The MUC operates an air qualitiy laboratory deaUng With odor
compla.1nts .

A dynamic olfaetometer must be so designed as ta obtain an
unbiased response trom a panel1st. To ach1eve this, the olfaetometer
must offer three air ports ta a panel1st, one ofwhich is contaminated by
an odorous air sample. Thus, the panel1st must try ta detect the air port
which is contaminated. The olfaetometer is operated in such a way as
ta present the panel1sts with a sampIe of contaminated air at such a
sm.a.ll dilution rate that the panel1st cannot detect It. The level of
contaminated air 18 then increased by a factor of 1.4 te 2.4 unt1l the
panelist identifies the port with the contarninated air (ASTll, 1991).

Before a correct answer 18 recorded, the panellst must ident1.fy the
correct port tw1ce in a row. The panellst can then be asked ta rate the
offensiveness of the contam1nated air.

The dynarntc olfaetometer must be bu1lt in such a way as ta avold
a.ny foul air contamination. Thua, it must be bullt of mater1&ls which
absorbing very l1m1ted amounts of odor. The mater1&ls most
recommendedare: TefionTJI and TedlarTJIbyDupont, sta1nless steel, glass
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and NalopbanT)( by Hoechst.

The length of tubing used must be l1m1ted, to reduce the
contam1nationofthesystemconstituttngthedplam1colfactometer. The
orifices must be as large as possible te prevent blocking. Temperature
changes exceeding 3°0 must be prevented te m1n1 m1ze airflow
discrepancies.

The dynam1c olfactometer must be able to d1lute a1r samples from
2 7 to 2 14 W1th a minimum. dilution range of 2 13 between the smallest and
largest dilution capab1l1t1es. The air sample can be d1luted in the
sampling bag by pumping a known amount of clean air 1nto the baga
before sampling the contaJninated air. The dynam l c olfaetometer must
&lso be able to decrease the dilution by a step factor of 1.4 te 2.4

between each dilution (ASTK, 1991). Generally, a step factor of 2 is
used. The dilutions must be presented te the panel1st in an ascending
arder, thus by increasing the strength of the odor.

The air ports presented te the panellsts must be espeoially
desigIled for sn1f"ng. The a1rflow from the port must be higher th&n

tbat of the panelist's nose te prevent sample dilution by the ambient air,

but must present a barely perceptible face velocity. The CEIl (1995)

recommenda an airflow of 20 lImin at a speed out of the air port of 0.2

to 0.5 mis. Accord1ng te O'Brien et al. (1996), the most repeatable
results are obt&1ned with air flow rates of lOte 20 lImin, with face
velocities r8.Dglngbetween 0.01 and 0.1 mis and for nose cup dtameters
of 4.7 and 9.5 cm. The larger nose cups tend te require a higher air

tlow for repeatable results. The airports must otfer a constant air

distribution over their entire surface, with a tolerable variation of 10%.

The air ports must be identical as te offer no choice to the paneUst.

4.5 The Conception of The KcG1ll Olfactometer
The M:cG1ll olfactometer was bu1lt according ta the specl:flcations

of ASTM: (1991), CER (1996) and the KOC. It offers the follow1ng
criteria.
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The IIcGlll oltaetometer can seat 8 panelists at once. According
to the MUC, It t&ltes 8 panel1sts te obtain repeatable results. Other
researchers prefer 10 paneUsts (.lcell, 1994). If ten or more panelists
are required for a spec11lc study, the 01factometer evaluatton can then
be repeated U81ng two or more sets of 8 panel1sts. The olfactometer bas

an octagonalseattng arrangement ta m1n1m1ze the length oftubtng, but

&80 ta reach each ev&luation panel from a central distribution point,

with the same length of tubing (Figure 4.1). Each panellst bas three
buttons, A, B and C, ta select the cont.a,mjnated port, and a sl1der to

evaluate the offenslvenes8 of the odor once recogntzed. The frequency
used ta record the response of the panelists 18 10 Hz.

m..tr--~~...
• &1181----.,;

Teflon 'fIabbaC-----::~!;;:-~~

PreUU1'isecl2'aak--~

8aDLpu., ...--~......

Ccm.b'o1"'e1--...

Figure 4.1 The oetagonal arrangement of the system

The olfaetometer d1stributes the air into three main lines using
precision rotameters with an accuracy of 5%. The electronic m&88 flow
oontrollers used ta select the range offouI air d1lution offer an accuracy
of 2%. The a1rf1ow rate ta each port 18 20 lImin but It can be adjusted
manuaJ.ly between 10 ta 25 lImin. The olfactometer can d1lute the
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contarninated sample tram 1:12 000 te 1:6, based on a now rate of
20 1Im1n at each atrport. The step factor between each d1lution can be
adJusted tram 1.1 to 3. The instrument requ1res Iess tban 5 seconds ta
flush the system and adJust the dilution to the required levei. The
olfactometer offers three d11ferent delays adjustable tram 0 te 5 minutes:
f1rst, a deIay between eaoh dilution below the threshold level; second,
a delay between each dilution above the threshold level; th1rd, a delay
between eaoh air sample. AST)[ (1991) recommenda from 2 to 5
minutes between snifflng operations when panel1sts are exposed to a
strong odor, ta m1n1m1ze their fatigue. Allowing 0.5 minutes between
snjft1ng operatlons under the threshold and 2 minutes above threshold,
and if B odor levels must be tested before exceed.1ng the threshold level,
the present olfactometer can run one sample in less than 10 minutes.

\

The air tlow chart of the system ls 1llustrated in Figure 4.2. The
olfactometer bas a bU1lt in n-butanol unit allowing for the automatic
calibration of aIl panelists before each test. The n-butanol
concentration at the outlet of the inJector 18 3 450 JlLlm:5. The
olfactometer ls conceived ta cal1brate the pane1ists us1ng a range of
n-butanol of 0.35 ta 345 JlL/m:5.

The olfactometer can handle four air sample bags at once. The air

bags are pla.ced in a st&1nles8 steel tank and compressed to force the
conta:minated air into the system. The computerized system of the
olfactometer ldentUles the bag by the outlet lt ls connected to.

The entire system 18 fully automated. Before any test, the
supervisor sets bis requirements tram the computer screen. Then, the
panelists are seated and the computer of the system rune the entire test.
The computer 1n1tia1ly tests ail panelists using n-butanol, if lt la
required by the supervisor. The computer stops when all panel1sts have
correetly ldent1fled the correct n-butanol airport tw1ce in a row. During

the n-butanol ev&1uation, the computer ls progt'8.TDm ed ta move on ta

the next higher dilution once the paneU8ts have all answered. The
contam1nated port 18 randomly cbanged by the computer between each
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• dilution. Then, the computer proceeds to the evaluation of the flrst air

sa.m.ple and proceeds with the determ1nat1on of the deteet10n threshold
as for the n-butanol test. In turn, the computer w1ll test the other three
air samples. The panelists can record the otfenslveness of the air

sample whenever they want and the computer will automaticalJy record
their observatIon. A sl1der 18 used for this purpose. Once the
evaJuation 18 completed, the computer prints out the results. Bach
panel1st bas a d1g1talind1cator where instructions are displayed by the
computer.

360 L'min

Ta 6 panels Ta 6 panels

20 IJm1n~
....._ ........... 83 kPa (12 PSI)103 kPa

500L/m1n

Pressure Begulator

58 kPa
(8 PSI)

•

Figure 4.2 The a.1rf1ow cbart of the system

•

The computerized system Is set up ta record the name of the
panel1st and their indiv1dual n-butanol rating from one test te another.
The computer system can control ail ta8ks, such as the pump airtlow,
the adjustment of the settingS, the tlow direction, the butanol
calibration and the tlush1ng and purglng operations. It records all data,

such as the orlgt.n of the cont.am1nated air sample, the ttme and date of
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sampling and Its ev&1uation. A1linformation 18 produced on screen or
can be printed out. This automation allows for the ev&1uation of 4
contarninated &1r samples with 6 panellsts, with1n 40 minutes and
depend1ng upon the speed of the panel1sts. The system 18 also set up to

compute the results according te the E670 method or the Hall-Ellis
method.

Finally, the airflow was ver1fled ag&1nst a flow cal1brator model
Dry-CalTll DC-I with flow cells model Dry_C&lTJI DO-IL for a tlow below
1 l/mm and DO-IR for a flow above 6 l/mm (Dry-CalTil by BIOS
International Corp., Pomptom PlajDS, N.J., USA). From th1s

calibration, the maximum variation in air fiow bas been found te be 2%
of the set tlow for &Il. the mass flow controllers. Furthermore, the flow
emanating from snlfftng tunnels have been found to be preCiSe with1n

2% of the set flow rate. Consequently, the maxium. calculated error of
a dilution at the snlfftng port ls 4%.

4.6 Sl1rnmary

The McGill olfactometer 18 a dynarnic forced OOoi08 olfactometer
fully automated which 18 capable of cal1brating the panel1sts and
a.na.lyz1ng 4 contamlnated &1r samples with1n 40 minutes. It seats 6
panelists but the system can be bu1lt to accommodate more panel1sts if

need be. Most researchers prefer to use 10 panel1sts for repeatable
results. This olfactometer Is unique because of its levei of automation
and speed with which it can evaluate air samples. It requires the
controller to input the base parameters, the name of the panel1Bts and
the sa.m.ple orlgin. Once the panel1sts are seated, the computer runs the
test without a.ny further input from the controller. The results are
a.nalyzed us1ng either the E670 method or the Hall-Ellis method and are
printed or saved inte the database. The n-butanol rating of each
panelist 18 also memoriZed as future reference on the sensit1vity of each
person.

The McGill University olfaetometer can be used &8 an n-butanol
scale olfactometer if required, because It bas a bu1lt in system capable
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of producing n-butanol dilutions. The only l1m1tation ls the
presentation of 20 l/mm of und1luted cont.amtDAted sample. If suah a
sa.mple must be presented for 1.6 minutes ta 6 panel1sts, the sample
volume must exceed 200 l, wh1ch represents the content of the four
s&mple baga wh1ch the system can hold.
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CHAPTEBV

General Conclusion

The environment&l1mpact of the 8W1ne industry 18 closely related
ta the volume of feces produced by pigs and the concentration of its
undigested nutrients. Smaller volumes of and less concentrated
manures will reduC8s the problem related ta land d1spos&1, over
fertilization, and soil and water contamination. Also, potent1al odor
production and gas volat1117.&t1on w1ll be decreased. Thus, the most
logicaJ. way ta tlnd a sustatnable solution 18 by attack1ng the problem at
its source, for 1D8tan.ce, by improv1ng the feed efflciency of the pig.

The present research showed that zeolite (77% cllnoptilol1te)
supplemented in grower hog rations 1mproves feed efflciency. Zeolite
has been shawn ta be signiflcantly beneflc1al when fed at a level of 2%
ta pigs welgh1ng up ta 40 kg, when compa.red ta a s1mUer ration havtng
the sa.m.e energy and crude protein levels. Zeolite at level of 6%
mcreases the feed efflciency and decreases the average da1ly

consumption without affeet1ng the rate of gain of pigs we1ghing more
than 50 kg. Thus, by us!ng a zeolite supplement at a level increas1ng
!rom 2 ta 6% with the weight of the pigs, it is possible ta reduce feed
consumption by 13.6 kg per ftnished hoga. This represents a 5.8%

reduction in feed consumption dUl'ing the grow1.ng-:fln1shing phase. It
a.laa decreases the environment&l impact of sw1ne productions by
decreaaing the amount of manure produced. AIso, zeolite tends ta
affect poslt1vely, but not stgntftcantly, the carcass quality of slaughtered
pigs for carcasses weigbing le8s th&n 85 kg.

When comparing the room where hoga were receivtng the control
feed conta1n1ng sand and tbat where hoga were fed the zeolite feed, no
signtficant differences1n ammon1a leveIs were found. However, d1luting
the pigta feed with 2 or 5% of zeolite or sand reduced the ammonia level
in the air of both rooInS. Thue, it 18 possible ta reduce the ammonia
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level 1nslde farm buildings by reduc1ng the crude protein level of the
feed. Very low levels ofbydrogen sulph1de were measured througb.out
the exper1ment in both rooms. The level of carbon d10nde w&s not
sign1f1cantly d1fferent for both rooms. However, carbon dionde was
dï.rectly affeeted by the ventilation rate. Nonetheless, paneUsts found
that the odor level of the zeolite room was sl1ghtly' less with the 2%
zeolite than that of the control room, but there W8S no d1fference with

5% zeolite. The management and des1gn of the ventilation system, the
ventilation rate, the cleanUness of the room and feed crude protein bad
more sign1flca.nt effects on air quality and odor levelinslde the grower
rooms tha.n the use of zeolite.

F1nally, an automated dynam1c olfactometer was concelved and
bu1lt, based on the forced choiee tr1angular method. This apparatus 18
innovative by Its level of automation, its s1mpl1clty of operation, Its
rapid1ty of execution and Its level of prec1s1on. In fact, the olactometer
can callbrate six panel1sts s1m.ultaneously with n-butanol and evaluate
4 d1fferent odor samples within 40 minutes. The user only needs ta
enter the required parameter on the setup W1zard of the Windows
orlented control software. AIl other tasks are automatically performed
by the olfactometer Itself. The database oriented software allows the
user ta print the results after the test or ta keep them for further
consultation. The bUilt-in butanol inJecter removes the need of
preparing butanol samples for quick and easy calibration of panel1st.
This inJecter allows one ta transform the olfactometer in a n-butanol
scale olfactometer, if need be. The olfactometer ls a good tool ta
measure odors in the agrlcultural. sector.

5.1 Recommendations for Future Besearch
The present research bas demonstrated that zeolite bas the

potential ta reduce the enVironmental impact of the 8W1ne industry by
increasing the a.ntma.1s' feed emciency. Nevertheless, further research
needs to be done in order ta IdenttlY Its more spec1f1c effects, such as:

1. The optima] level of zeolite supplement in reference ta the
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animal 's weight.
2. HaV1ng found and ustng the tdeal level of zeolite in terms of
the animal 's we1gb.t, a large scale experiment shouldbe conducted
using an "all1n an out" system. This system would provide more
valuable and stronger statist1cal results.

3. A research tnvestigat1ng the effects of zeolite on the
metabol1sms of p1gs needs ta be invest1g&ted. A nutrtent m&ss
balance exper1m.ent needs ta be performedus1ng metabolism cages
ta better understand how pigs ut1l1ze zeolite. This research
should determine the effects on manure volume and nutrtent
content.

4. A study on the perception of agrtcultural odors should be done
with the olfactometer to flnd the detect10n tbreshold, the
recognition threshold and tolerance threshold of vartOUS odors.
This study should provide the information required to derive a
specifie dilution model for agrtcultural odor, tak1ng tnto account
the type ofanimalS, feed, housing and manure management. This

should lead to a standard for the evaluation of agl'lcultural odors
and g1.ve guidel1nes for a more speciftc and rea.l1stlc regulation in
this field.

5. F1na.)ly, it would be very interest1ng to concelve and bu1ld a
new generation of SW1ne hOU81ng facil1t1es with all the ltnowledge
we possess in odor control and environmentalimpacts associated
with the sw1ne industry. This sw1ne hous1n.g facillty should be
used ta vertty the interactive effects on the varlous techniques
used ta reduce the soU, water and air pollution and enbs.nce the
well being of the ptg, worker, nelghbor and the entire community.
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APPENDIX A - Stat1st1cal Model

A.l Experimental Model
The exper1mental modelin th1s projeet W88 a temporal repeated­

measures ANOVA with a random1zed complete block design. The
experimental design wu composed of four blocks W1th two ta four

repl1œtes per treatment per block, two treatment& (control and zeolite),
four (bi-weekly) repeated measure and one covariable. The use of a
covariable was necessaryin tb1s experiment te remove d1fferences in the
weights between groups of pigs. The covariable corresponds te the
initial weights of pigs measured when the experiment started.

The blocks are there ta increase the precision of the analysis.

They talte into account the possible spat1&l heterogeneity due te the
gradient in air quality and the prox:1m1ty of the interior access (Figure
A-l) .

(
.) ~Il,

c) ,@

Figure A-l Experimental layout; a) Treatment ass1gDment, b) Block
assignJD.ent, c) Ventilation ilow pattern
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The null bypotheses in tb1s exper1ment .ere:

1) He ADI : Xoonuol = Xuol1se
2) He ADG : Xaonvol = Xuol1ce
3) He FIG: ~l = x.ou~

In order ta analyze the data correctly, It was essent1&l to

extrapolate the m1ss1ng values, which were calculated with SAS (Figure

0-1). The data has been verUled ta malte sure It was normally
distrlbuted (Figure C-2). Most of the resu1t8 were normal.ly d1stributed
except for the time X:5 of ADI in the 2% zeolite exper1ment. Therefore,
no transformation of the data was judged necessary prier to anaJysis.

The anaJysis ofvartances were performed on data concern1n.g the
average da1ly intalte, the average da1ly gain and the feed/gain ratio te

test the effects of zeolite for sign1f1cance. The classlcal ANOVA, the
modifled ANOVA and the KANOVA were three analyzes performedwith

SAS (Figure 0-3) ta test the null bypotheses. The slgn1flcance levels
were determ1ned according ta W1l.ks' criterlon and the F-values were
consldered slgn1ftcant when the prebabUity level was le8s than 0.05.

A.2 Ol&sslcal ANOVA

In th1s exper1ment, the classlca1 ANOVA model analyzes vartances
in the feed/gain ratio, average da1ly gain and average da1ly intake of pigs
under two treatments. The classlcal ANOVA mod.ells described as:

•

with i =

where
1,2; j= 1,2,3,4

J.1 = population mean
~ = treatment m&1D effects
BJ = block mA.1n effects
(aB)~ = error term 1

E~ = error term 2
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The treatment factor 18 flxed and the block factor and the errors
are l'andom.

A.3 Mod1f1ed ANOVA
The modtfled AllOVA model t&kes into account the correlation

between the dependent variables and conslders time as a factor. The
t1m.e 18 a with1n-subject factor and lt 18 crossed With treatment and With

block.
The mod.1fled AJflOVA model ls descrlbed as:

with i = 1,2 ; j = 1,2,3,4

where J.1 = population mean
b YiJ =covariable main effects
&,. = treatment main effects
Bj = black main effects
(aB)iJ = error term 1

L\bt Yu = interaction of tune t with covartable Y iJ

Ct = t1me main effects
(aO)lt = interaction oftreatment i'With t1me t

(BC)Jt = interaction of treatment j with t1me t
EU = error term 2

The treatment and the tune factors are t1xed effects and the black
factor and the errors are random effects. The Greenhouse-Ge1sser (G-G)
were used ta analyze the results in this exper1ment.

A.4MANOVA

The MANOVA model analyzes s1multaneously the four dependent
variables (Xl' ~, X~ and X4 ) ca1led veetors of observations.
The MANOVA modells descrlbed as:

~t = m + ~ YiJ + At + B:J + ~t

85



•

•

•

with i = 1,2 ; J = 1,2,3,4
where m = multivariate tntercept

11 Yu = multivariate covariable main effects
At = multivariate treatment main effects
B~ = multivariate block main effects

~ = multivariate errar

The treatments are ftxed effects and the block and the errora are
random effects. The Wllk's Lambda test was used for the analys1s.
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APPENDIX B - Growth Performance Data

Ta.ble B-l Average DaUv Gain (ADG) at 2% zeolite
Treatment Block e Xl Xa Xe ~

C a 21.67 ---r----- 0.S7e 0.S2 0.74
C a 24.60 ----.---- 0.67 0.66 0.99
C a 27.50

-------------
0.41 0.61 0.81

C a 25.75

----------
0.77 1.02 0.82

C b 23.67 -------- 0.33 0.72 0.68
C b 63.67 __~&a-- 0.76 0.97 0.99
C b 32.33 ~ae-- 0.61 0.50 0.92
C c 39.83 ~&a-- 0.60 0.67 0.88
C c 34.33 ~ 0.62 0.76 0.97
C d 30.33 _--O-.~ 0.62 0.64 0.77
Z a 27.00 ~ee-- 0.59 0.83 0.66
Z a. 22.17

-----------
0.52e 0.70 0.76

Z a 24.67 --- 0.49 0.70 0.72----.
Z a 25.00 --------- 0.48 0.68 0.76
Z b 23.67 -- ------.---- 0.58 0.78 0.67
Z b 56.50 _0.-7-6--- 0.66 0.97e 0.96
Z b 32.50

----------
0.66 0.59 0.73

Z c 40.67 __o.ee--- 0.60 0.86 0.94
Z c 34.50 ~O~ee- 0.49 0.76- 0.69
Z d 32.50 -----O--?r- 0.61 0.76 0.61

Note: the stricken column has been removed Erom the statistica
a.nalysis due ta the excessive number of miss1ng data.

Table B-2 Average D&1ly Intake (ADI) at 2% zeolite
Treatment Block \.._, ___..8

%1 Xa Xll x-
C a 21.67 -_.----.--- 1.34- 1.53 1.96
C a 24.50 --------.-- -- 1.50 1.86 2.41
C a. 27.50 -----.--- 1.28 1.70 2.15
C a. 25.75 .-- - 1.71 2.32 2.48----"--.-
C b 23.67 -- .-

1.21 1.73 1.87
--'~.

C b 53.67 ~.-7~ 2.42 3.03 3.17
C b 32.33 _J..~ae--- 1.78 1.86 2.22
C c 39.83 __L.-'1o-- 1.84 2.17 2.65
C c 34.33 _LAB-·- 1.75 2.19 2.74
C d 30.33 __L-IO---- 1.61 1.88 2.03
Z a. 27.00 _-L-17- 1.38 2.02 2.18
Z a 22.17 ----. .- 1.13- 1.67 1.99
Z a 24.67 -' 1.28 1.80 2.04-------.--
Z a 25.00 ~_---------.----- 0.98 1.80 2.06
Z b 23.67

-----~---- 1.32 1.79 2.03
Z b 66.60 _-L.ee---- 2.09 3.11 e 3.76
Z b 32.50 --- 1.63 1.93 2.17---.
Z c 40.67 ~-'1a---- 1.80 2.57 3.04
Z c 34.50 __L.-46 1.45 2.16e 2.26
Z d 32.50 ---l~ 1.44 2.02 1.83

Note: the strlcken column as been remove from the stat1st1cal ls
due to the excessive number of m1sstng data.
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Ta.ble B-3 Feed te Gain ratio (FIG) at 2% zeolite
Treatment ".~.. e %1 X. Xs %.t-

C a 2167 ~ 2.48- 2.91 2.64
C a 24.60 ~ 2.22 2.83 2.41
C a 27.60 ~ 3.10 2.77 2.63
C a 26.75 ~ 2.22 2.27 3.03
C b 23.67 --'.----- 3.68 2.38 2.73
C b 63.67 ~.3e------ 3.16 3.11 3.17
C b 32.33 ~4a- 2.91 3.66 2.39
C c 39.83 ___3"ae- 3.06 3.22 2.99
C c 34.33 ~g---- 2.80 2.86 2.81
C d 30.33 __2.-?e-- 2.60 2.91 2.63
Z a 2700 ..--L-7a----- 2.33 2.42 3.28
Z a 22.17

----------
2.26 2.38 2.62

Z a 24.67 ------------- 2.60 2.66 2.83
Z a 25.00 - -

2.02 2.64 2.68...---.---
Z b 23.67 ~ 2.24 2.29 2.99
Z b 66.50 __3 ..86-- 3.14 3.27- 3.87
Z b 32.6 ~- 2.69 3.23 2.94
Z c 40.67 ~ 3.00 2.97 3.22
Z c 34.50 ~~ 2.94 2.82* 3.28
Z d 32.60 _-1-.8"'- 2.80 2.63 3.66

Note: the stricken column 8S been remove trom the stat1stica.l a.n.alysis
due ta the excessive number of m1ssing data.

Table B-4 Average DaUv Gain (ADG) at 6% zeolite
Treatment Block Covariable Zl Xa %s ][4

C b 45.30 0.70 0.76 0.75 0.63
C b 50.05 0.66 0.82 0.63 0.74
C b 61.72 0.71 0.97 0.80 0.67*
C c 48.27 0.72 0.86 0.70 0.67
C c 44.68 0.66 0.68 0.55 0.63
C c 60.30 0.64 0.82 0.77 0.59
C c 43.97 0.59 0.86 0.64- 0.69
C d 61.98 0.65 0.63 0.65 0.71
Z b 81.60 0.81 0.64 0.92 0.84-
Z b 41.50 0.82* 0.77 0.74 0.68
Z b 50.10 0.68 0.78 0.61 0.86
Z b 62.67 0.69 0.72 0.73 0.82-
Z c 47.10 0.75 0.61 0.66 0.86
Z c 48.66 0.67 0.63 0.73* 0.83
Z c 69.08 0.88 0.64 0.92 0.74
Z c 46.07 0.73 0.77 0.80 0.8Q
Z d 60.46 0.60 0.72 0.71 0.73
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Ta.ble B-S Average DaUv Intake (ADI) at 6% zeolite
Treatment Black Covarlable %1 X. Zs X.

a b 46.30 1.86 1.99 2.24 2.20
C b 50.06 1.96 2.30 2.06 2.28
a b 61.72 2.29 2.88 2.96 2.63-
a c 48.27 1.98 2.34 2.46 2.41
C c 44.68 1.67 1.94 1.91 1.94
C c 60.30 2.20 2.66 2.85 2.51
C c 43.97 1.79 2.07 2.1S- 2.06
C d 61.98 2.06 1.87 2.26 2.37
Z b 81.60 2.37 2.76 3.06 3.21-
Z b 41.50 1.73- 2.09 2.20 2.45
Z b 60.10 1.81 2.33 2.26 2.67
Z b 62.67 2.27 2.32 2.76 2.83-

Z c 47.10 1.95 1.98 2.04 2.42
Z c 4S.66 1.68 2.04 2.34- 2.54
Z c 59.08 2.16 2.49 2.71 2.58
Z c 45.07 1.85 2.26 2.37 2.5

Z d 60.46 1.99 2.27 2.63 2.62

Table B-6 Feed ta Gain ratio (FIG) at 6% zeolite
Treatement Black Covarlable %1 Xa Xa ~

a b 45.30 2.S2 2.69 2.97 3.46
C b 60.05 2.97 2.80 3.86 3.06
C b 61.72 3.19 2.97 3.69 3.80·
a c 48.27 2.74 2.74 3.48 4.20
C c 44.68 2.80 2.82 3.44 3.65
C c 60.30 3.43 3.23 3.69 4.22
C c 43.97 3.00 2.41 3.42- 2.96
C d 61.98 3.11 2.93 3.47 3.31
Z b 81.60 2.90 4.31 3.29 3.98
Z b 41.50 2.77· 2.72 2.96 3.67
Z b 60.10 3.07 2.95 3.69 2.97
Z b 62.67 3.25 3.20 3.74 3.61-
Z c 47.10 2.59 3.23 3.69 2.84
Z c 48.65 2.94 3.22 3.26· 3.05
Z c 69.08 2.45 3.88 2.96 3.48
Z c 45.07 2.62 2.90 2.96 3.12
Z d 60.45 3.30 3.15 3.53 3.66

•
Treatment

Black
Cova.riable
Xl-~

•

z Zeolite groups of plgs
C Control groups of pigs
a, b, c, d l'look, the sp&t1al heterogenelty etreet (Figure A-l)
y Representa the average 1n1ttal we1gb.t of a group of p1gs
x Representa the two weelt lntervalwhere p1gs are wetghed
• K1as1ng value extrapolated by SAS (P1gure 0-1)
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APPENDIX C - SAS Code

DATAPIG;
INPUT TBT • BLOCK • Y Xl-X4;
CARDS;

PROC GL.!( NOPBINT;
GLASS TRT BLOCX;
MODEL Xl-X4=Y TBT BLaCK;
OUTPUT OUT = PIGP

P = XPI-XP4-
PROC PBINT DA.T.A=PIGP;

Figure 0-1 SAS code for the extrapolatton of the m1ss1ng value

DATAPIG;
INPUT TBT • BLOCK • Y Xl-X4;
CARDS;

,
PROC GLM NOPBINT;
GLASS TRT BLOCX;
MODEL Xl-X4=Y TBT BLaCK;
OUTPUT OUT =PIGB
R=XRI-XB4;
PROC UNIVARIATE DATA=PIGB NOBMAL PLOT;
VAR XRI-XB4;

Figure 0-2 SAS code to test the normallty of the data

DATAPIG;
INPUT TBT • BLOCK • Y XI-X4;
CARDS;

,
PROCGLM;
CLASS TRT BLOCK;
MODEL XI-X4=Y TBT BLaCK;
MANOVA H=TBT;
MANOVA H=BLOCK;
REPEATED TIllE 4 CONTBAST/SU1LI4ABY;

Figure 0-3 SAS code ta test the bypoth8S8S with a covarlable

90



•

•

•

DATAPIG;
INPUT TBT • BLOCK • Y Xl-X4;
CARDS;

PROCGLM;
CLASS TRT BLaCK;
MODEL XI-X4= TBT BLOCX;
:MANOVA H=TRT;
:MANOVA H=BLOCK;
REPEATED TIllE 4 CORTRABTlstJlIlIABy;

Figure 0-4 SAS code to test the hypotheses Without a covar1able

DATAPIG;
INPUT TRT • BLOCK' Y Xl-X4;
Xl=Xl!Y;
X2=X2IY;
X3=XJ3!Y;
X4=X4IY;
CARDS;

,
PROCGLM;
CLASS TRT BLaCK;
MODEL Xl-X4= TBT BLOCK;
MANOVA H=TBT;
MANOVA H=BLOCK;
REPEATED TIME 4 CORTRABTlstJlIlIABy;

Figure 0-5 SAS code to test the bypotheses by dividing the data by a
covar1able
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• APPENDIX D - Stat1sttcal Analys1s Besulta

Ta.ble D-l Statist1cal 81gn1ftcant levels for 2% zeolite
ADI ADG FIG RATIO

MaDEL A B C A B C A B C
NOBMALITY
XRl na na na ns na na na na na
XR2 na na na na na na na na ne
XR3 • 08 08 ns ns ne ne 08 na
MANOVA
TRT • • • na· na • • • •
BLOCK na ne • ne na 08· na na na
REPEATED KANOVA
TIME na •• •• na •• •• na na 08
TIME·Y • na na
TIME·TRT • - - • na • • • •
TIME·BLOCK • 08 • na na na 08 na na
BEPEATED KANOVA BETWBEH 8UBeJECT
Y •• • -.
TILT ns 08 na na 08 08 08 na na
BLaCK na 08 • na na • 08 - ns
BEPEATED KANOVA - ...... 1 lU t:I~T1I!"r

TIME na ••
_.

na •• .- ns na DS
TIME·Y • ns 08
TIME-TRT • - - • • • • - •
TIME-BLOCK • na •• na na na ns 08 ns

Ta.ble D-2 Statist1cal s-&_-&4!lcant leveis for 5% zeolite
ADI AnG FIG RATIO

MaDEL A B C A B C A B C
NOBMALITY
XRl na- ns na na 08 ns ns na ns
XR2 na na na na na na na na· na
XR3 na na 08 na na ns ns na na
XR4 na ns ns na ns 08 na na ns
MANOVA
TILT • • - - • • • na -
BLaCK na ne ns ns ne- na ne na na
REPEATED IlANOVA
TIME ns .- •• ns na ne- • .- -TIME-Y na na na
TIME-TBT - ns- - • • - • na· •
TIME-BLOCK na ns na na na na na na ns
REPEATED IlANOVA BETWEEH 8UBeJECT
Y .- ns- -.
TRT na ns DS ns ns na ns na ns
BLaCK na na DS ns ns DS ns na ns
REPEATED IlANOVA - "I"N 1 lU S1T&nr.~ro

TIME na .- •• ns· na na • - .-
TIME-Y DS ns na·
TIME-TBT • DS .- • - - • • •
TIME-BLOCK ns ns ne- ns na DS na ns ns
Note: na = not s1gn1ftcant, • = st •rntflcant &t (] .001 <p<O.05

•

•
Madel

•• = b1gbly s1gn1ftcant at p<O.OOl
A = stat1st1cal model with covariable
B = mthout covar1able, C =: d1v1d1ng by covariable
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